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JOHN A. BRASHBAR. 

"The man of grand impulses sheds a lustre on all around him." 



A great man has gone to his rest. , A life filled with the highest 
aspirations has closed and we are left to mourn the loss of one 
whose place will be difficult to fill. The writer was associated 
with Professor Langley for more than thirty years, and in all those 
years he has only pleasant, aye delightful recollections of his 
personality, his magnificent intellect — one never satisfied with a 
half proven hypothesis — ^but always reaching out for final proof 
before he announced any of his great discoveries. 

Not every man who came in contact with Professor Langley 
knew him as the writer knew him. Many times he has walked 
for miles with him. During the walk nothing would escape his 
lips but monosyllables. Was he cold — indifferent — callous to the 
questioner? Far from it. Some difficult — ^perhaps intricate prob- 
lem in solar physics or other correlated study had takfen possess- 
ion of his mind to the exclusion of all else, and I have often 
thought that his "yes" or "no" to my questions were almost of 
an automatic character. 

But how different at other times during our walks from the old 
Observatory to the nearest woods where now is erected the 
new Astronomical Observatory. Charming was his conversa- 
tion from the beginning to the end of our stroll. When in this 
mood no man could be more entertaining and instructive than 
Professor Langley — indeed some of the most delightful remem- 
brances of my long association with him come to me as I recall 
these delightful walks and talks. 

When he was writing his New Astronomy — he would invite me 
to come to the Observatory in the evening and read to me a 
chapter of that splendid book. I call to mind the closing para- 
graphs of two that impressed me greatly, as he read them and 
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for fear I may not quote verbatim I refer to his chapter on 
the Moon where, in closing his charming description of its 
scenery, he says: "Let us leave here the desolation about us, 
happy that we can come back at will to that world, our own 
famiHar dwelling where the meadows are still green and the birds 
still sing, and where better yet still dwells our own kind — 
surely the world, of all we have found in our wanderings, which 
we should ourselves have chosen to be our home." 

Let me also quote the closing paragraph of his chapter on the 
Stars, which I heard him read "in the long ago," a beautiful il- 
lustration of the life history of man as compared to that of the 
stars: — "I have read somew^here a story about a race of ephem- 
eral insects who live about an hour. To those who are born in 
the early morning the sunrise is the time of youth. They die of 
old age while his beams are yet gathering force, and only their 
descendants live on to midday; while it is another race which 
sees the Sun decline, from that which saw him rise. Imagine the 
Sun about to set, and the whole nation of mites gathered under 
the shadow of some mushroom (to them ancient as the Sun itself) 
to hear what their wisest philosopher has to say of the gloomy 
prospect. If I remember aright, he iirst told them that, incredi- 
ble as it might seem, there was not only a time in the world's 
youth when the mushroom itself was young, but that the Sun in 
those early ages was in the eastern, not in the western sky. 
Since then, he explained, the eyes of scientific ephemera had fol- 
lowed it, and established by induction from vast experience the 
great "Law of Nature," that it moved only westward; and he 
showed that since it was now' nearing the western horizon, 
science itself pointed to the conclusion that it was about to dis- 
appear forever, together with the great race of ephemera for 
whom it was created. 

" What his hearers thought of this discourse I do not remember, 
but I have heard that the Sun rose again the next morning." 

Professor Langley was a lover of children. I have heard it 
from many friends whose homes he visited, how he would gather 
the little ones around him and tell them fairy stories, many of 
which he would improvise with wonderful tact to please the 
children. 
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A Washington lady had made several attempts to converse 
with Professor Langley-^at receptions — upon his scientific, inves- 
tigations but failing to get the response desired, in her despair 
she asked him one evening what he did like to talk about. He 
quickly replied, "Children and fairy stories." 

His beloved niece — the daughter of Professor John W. Langley 
who attended htm in his last illness — ^told the writer that he took 
with him from Washington one of Andrew Lang's fairy story 
books which he read during his all too brief stay in South Carolina. 

The writer of this brief sketch of Professor Langley 's life feels 
totally inadequate for the task, but deems it a great pleasure to 
place on record some of the lovely traits of character on the side 
of "the humanities" — separate and distinct from his scientific 
work, for with all that apparent "calmest coldness" there was 
something reaching almost to the transcendental in his inner 
life — which my long acquaintance and association brought to 
light. I have given but a few instances of these pleasant remin- 
iscences, instances which could be multiplied many times. . 

The writer can never forget the generous help given him in the . 
solution of optical problems, from the very beginning of his ac- 
quaintance with Professor Langley. I never visited the Smith- 
sonian Institution while he was there, that he did not call to my 
mind the first night we met, when, with fear and trembling, I 
unwrapped from a red bandana handkerchief my first five-inch 
objective on which my wife and I had worked the spare time of 
three years. We had met with many discouragements and fail- 
ures but that night I received such generous words of encourage- 
ment that the subsequent work on the objective was made easier 
by far. 

Several years afterward when the writer had the good for- 
tune to discover a method of polishing the rocksalt lenses and 
prisms for his spectro-bolometric research — and giving them an 
accurate optical surface, his joj'' seemed to have no bounds, and I 
have letters from him expressive of his gratification, that are 
prized beyond measure. 

It would be presumption for the writer to undertake to dilate 
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upon the scientific labors of Professor Langley. They are too well 
known to the scientific world and especially to the readers of 
Popular Astronomy, to need repetition here, but a brief recapit- 
ulation of some of his more important work may not be without 
interest. 

Professor Langley came by invitation to the Allegheny Observ- 
atory in 1867. Two years afterwards, 1869, he introduced 
standard time distribution to the cities and railroads. Inasmuch 
as there has been a great deal of controversy over the question of 
priority in this matter, a discussion of which would be out of 
place here, I will simply quote from an article written by Profess- 
or Langley more than twenty years ago. 

"A mention of the Observatory's work would be incomplete 
without some account of its system of time distribution intro- 
duced by its present director in 1869. Previous to that date, 
time had been sent in occasional instances from American Observ- 
atories for public use but in a temporary or casual manner." 

"The Allegheny system, inaugurated in that year, is believed to 
be the parent of the present ones used in this country in that it 
was so far as is known the first regular and systematic system 
of time distribution to railroads and cities adopting it as an 
official standard." 

At the time this article was written signals w^ere being sent 
over 4713 miles of railroad from the Allegheny Observatory. 
The closing paragraph of the article referred to will be of interest. 

"For the benefit of any future writer of the history of the sub- 
ject it may be stated that in 1870 the Allegheny Observatory 
had already in extended operation the system of time distribu- 
tion above described; that about 1873 the director at Cam- 
bridge Observatory, after conference with the writer, introduced 
substantially the same provisions for connecting Harvard Col- 
lege Observatory with the New England roads; and that about 
the same time the Washington Observatory, which had previous- 
ly sent signals in a limited and desultory manner, commenced to 
do so in emulation of the new system." 

Professor Langley made good use of the income derived from 
the time service for the commencement of that long series of solar 
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researches — which have ddded so much to our knowledge of the 
Sun. He was an exquisite draughtsman — as can be testified by 
the hundreds of beautiful drawings of solar phenomena made by 
him. Every student of Astronomy has seen reproductions of his 
charming drawing of the great sun-spot of December 1873 — 
which has indeed become classic as a "typical" sun-spot. The 
sky of Allegheny with its murkiness often contributes to fine 
definition on the Sun, as the writer can testify, he having seen the 
delicate detail of the penumbral fringes come out like unto a steel 
engraving. The halcyon days of astronomical photography had 
not yet come when Professor Langley made his beautiful draw- 
ings. 

Fortunately for Professor Langley's great work of the future, 
William Thaw, the staunch friend of the Observatory and one of 
the pioneers in its construction and equipment, became deeply in- 
terested in the director's solar work, and aided him in many ways. 
The income of the Observatory was so limited that little could be 
done in experimental research until William Thaw with a most 
liberal hand and heart provided the means for carrying on this 
great work, and your readers will find at theclose of almost every 
monograph written by Professor Langley — "This research was 
made possible through the liberality of a citizen of Pittsburg." 
By Mr. Thaw's request his name was never mentioned. 

In his studies in the domain of solar physics. Professor Langley 
was early impressed with the idea that much of the radiant 
energy from the Sun was not recognized by the instruments then 
in use and after a long series of experiments, discovered and de- 
veloped that marvelously delicate instrument, the bolometer. 
With the bolometer a series of investigations were commenced 
upon the Sun, Moon and stars, which were continued for many 
years, bringing to light some of the most important facts in 
the whole realm of astronomical physics. 

Professor Langley, with his assistants, Professor Keeler, Pro- 
fessor Very, and Mr. Page, continued the study of the hitherto 
unknown region of solar radiation until the holographic chart, 
reaching far down into the spectrum, and showing almost in- 
numerable curves of selective absorption, was given to the world. 
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as a most valuable contribution to our knowledge of radiant 
energy. Although this great work was thought to be nearly 
completed before Professor Langley accepted the secretaryship of 
the Smithsonian Institution at Washington, he had continued the 
experimental research in the same field , at the astrophy sical observ- 
atory connected with the Institution with a more refined equip- 
ment, but instead of the visual, using the photographic method, 
yet nothing has been developed to change the results of the Alle- 
gheny Observatory research. After years of study at Allegheny 
upon the problem of the selective absorption of the Earth's atmos- 
phere at the lower levels. Professor Langley desired to make a 
similar investigation at a very high altitude. The top' of Mt. 
Whitney in southern California was selected, as well as a station 
about two miles below the peak. William Thaw provided most of 
the means for the now famous expedition, our own government 
also sharing in theexpenses of the research. Professor Keelerand 
Dr. William Day assisted Professor Langley in the work of this 
expedition, the results of which have now become classic, indeed 
have to a large degree settled the problem of the selective absorp- 
tion of the Earth's atmosphere in its relations to the Sun's radiant 
energy, and the intimately correlated problem of life upon our 
globe. Professor Langley found time to study many minor 
though important questions bearing upon radiant energy, not 
alone from the Sun, but from other sources. His studies of the 
Moon's temperature added immensely to our knowledge of the 
"lesser light that rules the night". With the spectrobolometer, 
the highest temperature of the Moon was found to be about zero 
centigrade, and the lowest temperature not far from the temper- 
ature of space. 

Professor Langley's work in mapping the invisible spectrum 
was a herculean task. Aided by Professors Keeler, Very and Page, 
thousands of measurements were made with the spectrobolom- 
eter and read visually, before the photographic method was de- 
vised and developed so beautifully by Professor Langley and his 
co-workers at the Smithsonian. Well do I remember how many 
"times the rock^^t trains were brought over to our workshop 
from the old Allegheny Observatory say about ten o'clock in the 
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morning of a bright day, with the request that they be polished 
and £gured bj noon \ I do not remember ever to have disap- 
pointed these good people in the matter of their request. 

The subsequent mapping of the infra red spectrum by photog- 
raphy at the Smithsonian Astrophysical Observatory has been a 
magnificent piece of work and to Professor Langley's assistant 
in later years, Mr. Abbot, must be given a share of the credit 
which he so well deserves. 

More recently Professor Langley became deeply interested in 
the problem of variable solar radiation, in which he was greatly 
assisted by Mr. Abbot and his associates, and although the re- 
search had not been completed at the time of his death — he was 
convinced by results already obtained, that our Sun is a variable 
■with rather a larger coefficient than has even been suspected. 

Of his work in the domain of aerodromics the writer wishes to 
say a few words. The story is a long one of how Professor 
Langley became interested in the problem of flight— but suffice it 
to say here that his original purpose was not to construct a fly- 
ing machine but if possible to determine the /a ws^overmn^^/g-izt, 
and I a,m sure that Professor Very and others associated with 
Professor Langley in this most fascinating problem will bear me 
out in this that he undertook to solve it in a rigorously scientific 
manner. His invention of the dynanpmeter chronograph aided 
largely in this research. Nothing was left to guess at — every ex- 
periment with birds and aeroplanes was as carefully carried out 
as were his astrophysical studies. For three years the writer 
was associated w^ith his friend Professor Langley in his investiga- 
tions on this great problem, and I must add my testimony to 
that of others that everything was conducted in the true scientific 
spirit — and though in his later work on mechanical flight at the 
Smithsonian, success or failure cheered or depressed him — he 
has left on record most valuable facts that must be of inesti- 
mable value to those who desire to push forward this fascinat- 
ing study. 

Professor Langley received many honors during his life time. 
To be called as the successor of Professor Baird as secretary of 
the Smithsonian Institution was the highest gift in a scientific 
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sense that could be conferred upon him by his country. Oxford 
conferred upon him the degree of D. C.L., Cambridge, the degree 
ofD.Sc, Harvard, Princeton, University of Michigan and the 
University of Wisconsin, conferred upon him the degree of LL .D. 

He was a correspondent of the French Academy, a Foreign 
member of the Royal Society, a Fellow of the Royal Astronomical 
Society, and other scientific associations. He received the Henry 
Draper, Count Rumford, Janssen, and other medals for his 
splendid discoveries, 

Many of Professor Langley's works had great literary beauty. 
One has only to read the pages of his "New Astronomy" to be 
charmed with the beauty and clearness of his methods, and no . 
matter how abstruse the subject, he seemed to have the ability 
to make it plain and thus appreciated even to the lay reader, who, 
though not an investigator, had a love for the subject discussed. 

I quote from the words of a friend: 

"Professor Langley had a deep interest in all that related to 
things of the mind, and was for many years associated with 
both the American and British Associations for Physical Research. 
He was an omnivorous reader of everything that was best in 
English and French literature, and was especially interested in 
George Borrow. He was the owner of a coijsiderable collection 
of Borrow's manuscripts, and was a student of French history 
and memoirs. His interest in the fine arts was keen, and hfe had 
many times visited the galleries of Europe and knew the great 
pictures everywhere. The orient had a fascination for him, and 
he had a collection of the editions of the "Arabian Nights." As 
a young man he was a great admirer of Thomas Carlyle, with 
whom he had an acquaintance, and to whose home he made 
several pilgrimages. He had a great love for little children, and 
the '-children's room" in the Smithsonian building was the result 
of his personal care and attention. 

Professor Langley was born inRoxbury, Mass., August twenty- 
second, 1834. On the twenty-second of November last he suffered 
a slight stroke of paralysis but recovered sufficiently to be taken 
to Aiken, S. C, where he was attended by a faithful nurse and 
his beloved niece, the daughter of his brother, Professor John W. 
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Langley. Professor Langley wrote several letters from Aiken to 
his friends, particularly to those associated with him in the 
Smithsonian Institution, and great hopes were entertained that 
his recovery was only a matter of time, but it was not so to be. 
A second stroke came as "a thief in the night" but brought no 
pain to our friend — and after two days of apparently quiet sleep, 
broken at intervals— he passed away to the "Summer Land of 
Song," on the t,wenty-seYenth day of February, 1906. His body 
was brought to Washington and the funeral services held in All 
Souls Chufch. The venerable Edward Everett Hale, an old time 
friend of Professor Langley, spoke most fitting and kindly words 
at the brief services. The Regents of the Smithsonian Institu- 
tion acted as honorary pall bearers, and the members of the 
Smithsonian staff as active pall bearers. 

The remains were taken to Boston in a private car, where they 
were laid away in Forest Hills Cemetery by the side of his mother. 
His intimate friend Dr. Adler informed the writer that this was 
Professor Langley's expressed wish. A short address was de- 
livered at the cemetery by his friend Alexander Graham Bell, in 
which he gave a brief resume of Professor Langley's life work. 

When Napoleon stood at the edge of the battlefield where a 
great victory had been won by his soldiers, his ears were deaf to 
the groans of the wounded and dying, he heard them not, but 
said to his generals — in the ecstacy of victory 

"C'est magnifique." 

When our own Langley stood on the summit of the old Alle- 
gheny hills where so much of his life work had been done — and 
watched the Sun setting in all his glory, we heard him exclaim — 
"It is magnificent." Now that he is gone, and we look over the 
fields of science where he has won his grand but bloodless vic- 
tories — we can but add our final tribute by repeating the words — 

"It is magnificent." 
Allegheny, Penn. 
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HISTORY OF 1 DOCTRINE. 



By S. P. LA:i^GLEY. 



{From the American Journal of Soienob, Vol. XXXVTI, Jan., 1889.] 



Art. I. — The History of a Doctrine; Address by S. P. 
Langley, retiring President of the American Association 
for the Advancement of Science.* 

"Man, being the servant and Interpreter of nature, can. do and understand so 
much, and so much only, as he has observed, in fact or in thought, of the course of 
nature. Beyond this he neither Isnows anything nor can do anything."— Bacon's 
JVbwum Organum, aphorism 1. 

In these days, when a man can take but a very little portion 
■of knowledge to be his province, it has become customary that 
your president's address shall deal with some limited topic, 
with which his own labors have made him familiar; and 
accordingly I have selected as my theme, the history of our 
present views about radiant energy, not only because of the 
intrinsic importance of the subject, but because the study of 
this energy in the form of radiant heat is one to which I 
have given special attention. 

Just as the observing youth, who leaves his own household 
to look abroad for himself, comes back with the report that 
the world, after all, is very like his own family, so may the 
specialist, when he looks out from his own department, be sur- 
prised to find that, after all, the history of the narrowest 
specialty is strangely like that of scientific doctrine in general, 
and contains the same lessons for us. To find some of the 
most useful ones, it is important, however, to look with our 
own eyes at the very words of the masters themselves, and to 

* This Address appears here complete with the notes that have not hitherto 
been pubhshed. — Eds. 
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take down the dusty copy of Newton, or Boyle, or Leslie, 
instead of a modern abstract ; for, strange as it may seem, there 
is something of great moment in the original that has never 
yet been incorporated into any encyclopsedia, something really 
essential in the words of the man himself which has not been 
indexed in any text-book, and never will be. 
It is not for us, then, here to-day, to try 

"How index-learning turns no student pale, 
Tet holds the eel of science by the tail;" 

but, on the contrary, to remark that from this index-learning, 
from these histories of science and summaries of its progress, 
we are apt to get wrong ideas of the very conditions on which 
this progress depends. We often hear it, for instance, likened 
to the march of an army towards some definite end ; but this, 
it has seemed to me, is not the way science usually does move, 
but only the way it seems to move in the retrospective view of 
the compiler, who probably knows almost nothing of the real 
confusion, diversity, and retrograde motion of the individuals 
comprising the body, and only shows us such parts of it as he, 
looking backward from his present standpoint, now sees to 
have been in the right direction. 

I believe this comparison of the progress of science to that 
of an army, which obeys an impulse from one head, has more 
error than truth in it ; and, though all similes are more or less 
misleading, I would prefer to ask you to think rather of a 
moving crowd, where the direction of the whole comes some- 
how from the independent impulses of its individual members ; 
not wholly unlike a pack of hounds, which, in the long-run, 
perhaps catches its game, but where, nevertheless, when at 
fault, each individual goes his own way, by scent not by sight, 
some running back and some forward ; where the louder- 
voiced bring many to follow them, nearly as often in a wrong 
path as in a right one ; where the entire pack even has been 
known to move off bodily on a false scent ; for this, if a less 
dignified illustration, would be one which had the merit of 
having a truth in it, left out of sight by the writers of text- 
books. 

At any rate, the actual movement has been tortuous, or often 
even retrograde, to a degree of which you will get no idea from 
the account in the text-book or encyclopsedia, where, in the 
main, only the resultant of all these vacillating motions is 
given. With rare exceptions, the backward steps — that is, the 
errors and mistakes, which count in reality for nearly half, and 
sometimes for more than half, the whole — are left out of scien- 
tific history; and the reader, while he knows that mistakes 
have been made, has no just idea how intimately error and 
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truth are mingled in a sort of chemical union, even in the work 
of the great discoverers, and how it is the test of time chiefly, 
which enables us to say which is progress, when the man him- 
self could not. If this be a truism, it is one which is often 
foi-gotten, and which we shall do well to here keep before us. 

This is not the occasion to review the vague speculations of 
the ancient natural philosophers from Aristotle to Zeno, or to 
give the opinion of the schoolmen on our subject. We take it 
up with the immediate predecessors of Newton, among whom 
we may have been prepared to expect some obscure recogni- 
tion of heat as a mode of motion, but where it has been, to me 
at least, rurprising, on consulting their original works, to find 
how general and how clear an anticipation of our modern doc- 
trine may be fairly said to exist. Whether this early recog- 
nition be a legacy from the Lucretian philosophy, it is not 
necessary to here consider. The interesting fact, however it 
came about, is the extent to which seventeenth century thought 
is found to be occupied with views which we are apt to think 
very recent. 

Descartes, in 1664, commences his " Le Monde " by a treatise 
on the propagation of light, and what we should now call radi- 
ant heat by vibrations, and further associates this view of heat 
as motion with the distinct additional conception, that in the 
cause of light and radiant heat we may expect to find some- 
thing quite different from the sense of vision or of warmth ;* 
and he expresses himself with the aid of the same simile of 
sound employed by Draper over two hundred years later. 
The writings of Boyle on the mechanical production of heat f 

* " Me proposant de traiter ici de la lumi^re, la premiere chose dont je veux vous 
avertir est qu'il peut y avoir de la difference entre le sentiment que nous en avons, 
o'est-d-dire I'idee qui s'en forme en notre imagination par I'entremise de nos yeux, 
et ce qui est dans les objets qui produit en nous ce sentiment, c'est-^-dire ce qui 
est dans la flamme ou dans le soleil qui s'appelle du nom de lumiere : la plupart 
des philosophes assurent que le son n'est autre chose qu'uu certain tremblement 
d'air qui vient frapper nos oreilles ; en sorte que si le sens de I'ouie rapportoit jl 
notre pensee la vraie image de son objet, il faudroit, au lieu de nous faire concevoir 
le son, qu'il nous fit concevoir le mouvement des parties de I'air qui tremble pour 
lors centre nos oreilles. * * On passe doucement une plume sur les levres d'un 
enfant qui s'endort, et il sent qu'on le chatonille: pensez-vous que I'idee du 
chatouillement qu'il congoil ressemble k quelque chose de ce qui est en cette 
plume ? 

f Detached passages from Bacon, Hobbes, and Locke, referring to the concep- 
tion of heat, as a mode of motion, have been so often cited, that I will not repeat 
them here ; but as these after all convey rather an impression of the acutoness 
of their authors, as men before their time, than the idea of a doctrine fully and 
clearly apprehended at the time, I prefer to offer the following much'less known 
quotation, which I find in the works of Boyle, published circa 1610. 

I beg the attention of the reader to the remarkable passages which follow, and 
which must have had, in Newton's day, all the currency which the eminent repu- 
tation of the author (a founder of the Royal Society) could give. \ 

Extracts from the treatise on the "Mechanical Origin of Heat" by the Honorable 
Robert Boyle. — " Heat will appear the more likely to be mechanically producible, 
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contain illustrations (like that of the hammer driving the nail, 
which grows hot in proportion as its bodily motion is arrested) 
which show a singularly 'complete apprehension of views we 

if we consider the nature of it, which seems to consist mainly, if not only, in that 
mechanical affection of matter we call local motion mechanically modified, which 
modification, as far as I have ohsei-ved, is made up of three conditions." 

" The first of these is, thai the agitation of the parts be vehement. Thus, in a 
heated iron, the vehement agitation of the parts may be easily inferred from the 
motion and hissing noise it imparts to drops of water, or spittle, that fall upon it. 
For it makes them hiss and boil, and quickly forces' their particles to quit the 
form of a liquor, and fly into the air in the form of steams." 

" The second is this, that the determinations be very various, some particles 
moving towards the right, some to the left hand, some directly upwards, some 
downwards, and some obhquely, etc. As a thoroughly ignited coal will appear 
every way red, and will melt wax, and kindle brimstone, whether the body be 
applied to the upper or to the lower, or to any other part of the burning coal. 
And congruously to this notion, though air and water be moved never so vehe- 
mently as in high winds and cataracts ; yet we are not to expect that they should 
be manifestly hot, because the vehemency belongs to the progressive motion of 
the whole body." 

"There is yet a third condition; namely, that the agitated particles, or at least 
the greatest number of them, be so minute, as to be singly insensible. For 
though a heap of sand, or dust itself, were vehemently and confusedly agitated by 
, a whirlwind, the bulk of the grains or corpuscles would keep their agitation from 
being properly heat. If some attention be employed in considering the formerly 
proposed notion of the nature of heat, it may not be difficult to discern that the 
mechanical production of it may be divers ways affected. For by whatever ways 
the insensible parts of a body are put into a very confused and vehement agita- 
tion, by the same ways heat may be introduced into that body; agreeably to 
which doctrine, as there are several agents and operations by which this calorific 
motion (if I may so call it) may be excited, so there may be several ways of 
mechanically producing heat." 

Boyle goes on to cite numerous experiments. 

" Experiment VI. When, for example, a smith does hastily hammer a nail or 
such like piece of irou, the hammered metal will grow exceeding hot and yet 
there appears not anything to make it so, save the forcible motion of the ham- 
mer, which impresses a vehement and variously determined agitation of the small 
parts of the iron ; which being a cold body before, by that superinduced commotion 
of its small parts becomes in divers senses hot. Again, if a somewhat large nail 
be driven by a hammer into a plank, or piece of wood, it will receive divers 
strokes on the head before it grow hot ; but when it is driven to the head, so 
that it can go no further, a few strokes will suffice to give it a considerable heat; 
for whilst, at every blow of the hammer, the nail enters further and further into 
the wood, the motion that is produced is chiefly progressive, and is of the whole 
nail tending one way ; whereas, when that motion is stopped, then the impulse 
given by the stroke, being unable either to drive the nail further on, or to 
destroy its entireuess, must be spent in making a various vehement and intestine 
commotion of the parts among themselves, and in such an one we formerly 
observed the nature of heat to consist." 

" Experiment VII. That I might also show that not only a sensible, but an 
intense degree of heat, may be produced in a piece of cold iron by local motion, I 
caused a bar of that metal to be nimbly hammered by two or three lusty men and 
these sooUj brought it to that degree of heat, that not only was it a great deal too 
hot to be safely touched, but probably would have kindled gun-powder." 

Boyle goes on in the eighth experiment to illustrate the production of heat by 
friction by the use of a file, the whetting of a blade of a knife, the head of a 
piece of brass rubbed on the floor until it burns one's fingers, the heat of the axle- 
tree of a carriage by the friction of the wheel, and the common experiment of 
striking fire with a steel and flint, the latter as illustrating the instantaneity of 
the production of the heat. 
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are apt to think we have made our own ; and it seems to rae 
that any one who consults the originals will admit, that, though 
its full consequences have not been wrought out till our own 
time, yet the fundamental idea of heat as a mode of motion is 
so far from being a modem one, that it was announced in 
varying forms by Newton's immediate predecessors, by Des- 
cartes, by Bacon, by Hobbes, and in particular by Boyle, while 
Hooke and Huyghens merely continue their work, as at first 
does Newton himself. 

If, however, Newton found the doctrine of vibrations already, 
so to speak, " in the air," we must, while recognizing that in the 
history of thought the new always has its root in the old, and 
that it is not given even to a Newton to create an absolutely 
new light, still admit that the full dawn of our subject properly 
begins with him, and admit, too, that it is a bright one, when 
we read in the " Optics" such passages as these : 

"Do not all fixed bodies, when heated beyond a certain 
degree, emit light and shine, and is not this emission performed 
by the vibrating motions of their parts ?" And again : " Do 
not several sorts of rays make vibrations of several bignesses ?" 
And still again : " Is not the heat conveyed by the vibrations 
of a much subtler medium than air?" 

Here is the undulatory theory ; here is the connection of the 
ethereal vibrations with those of the material solid ; here is 
" heat as a mode of motion ;" here is the identity of radiant 
heat and light ; here is the idea of wave-lengths. What a step 
forward this first one is ! And the second ? 

The second is, as we know, backward. The second is the 
rejection of this, and the adoption of the corpuscular hypoth- 
esis, with which alone the name of Newton (a father of the 
undulatory theory) is, in the minds of most, associated to day. 

Do not let us forgret, however, that it was on the balancing 
of arguments from the facts then known, that he decided, and 
that perhaps it was rather an evidence of his superiority to 
Huyghens, that apprehending equally clearly with the latter 
the undulatory theory, he recognized also more clearly that 
this theory, as then understood, utterly failed to account for 
several of the most important phenomena. With an equally 
judicial mind, Huyghens would perhaps have decided so too, 
in the face of diflSculties, all of which have not been cleared 
up even to-day. These two great men, then, each looked 
around in the then darkness as far as his light carried him. 
All beyond that was chance to each; and fate willed that 
Newton, whose light shone farther than his rivals, found it 
extend just far enough to show the entrance to the wrong way. 
He reaches the conclusion that we all know; one not only 
wrong in regard to light, but which bears pernicious results 
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on the whole theory of heat, since light being conceded to be 
material, radiant heat, if aflSliated to light, must be regarded 
as material too, and Newton's influence is so permanent, that 
we shall see this strange conclusion drawn by the contem- 
poraries of Herschel from his experiments made a hundred 
years later. 

It would seem then that the result of this unhappy corpus- 
cular theory was more far-reaching than we commonly suppose, 
and that it is hardly too much to say that the whole promising 
movement of that age toward the true doctrine of radiant 
energy is not only arrested by it, but turned the other way ; so 
that in this respect the philosophy of fifty years later is actually 
farther from the truth than that of Newton's predecessors, 
and the immense repute of Newton as a leader, on the whole 
so rightly earned, here leads astray others than his conscious 
disciples, and, it seems to me, aflfects men's opinions on topics 
which appear at first far remov-ed from those he discussed. 
The adoption of phlogiston was, as we may reasonably infer, 
facilitated by it, and remotely Newton is perhaps also responsi- 
ble in part for the doctrine of caloric a hundred years later. 
After him, at any rate, there is a great backward movement. 
We have a distinct retrogression from the ideas of Bacon and 
Hobbes and Boyle. Night settles in again on our subject 
almost as thick as in the days of the schoolmen, and there 
seems to be hardly an important contribution to our knowledge, 
in the first part of the eighteenth century, due to a physicist. 

"Physics, beware of metaphysics," said Newton, — words 
which physicists are apt so exclusively to quote, that it seems 
only due to candor to observe that the most important step, 
perhaps, in the fifty years which followed the " Optics," came 
from Berkeley, who, reasoning as a metaphysician, gave us 
during Newton's lifetime a conception wonderfully in' advance 
of his age. Yet the " New Theory of Yision " was generally 
viewed by contemporary philosophers as only an amusing 
paradox, while " coxcombs vanquish[ed] Berkeley with a grin ;" 
and this contribution to science, — an exceptional if not a 
unique instance of a great physical generalization reached by 
a priori reasoning, — though published in 1709, remains in 
advance of the popular knowledge even in these closing years 
of the nineteenth century. 

In the meantime a new error had risen among men, — a new 
truth, as it seemed to them,^ — and a thing destined to have a 
strong reflex action on the doctrine of radiant energy. It 
began with the generalization of a large class of phenomena 
which we now associate with the action of oxygen, then of 
course unknown, a generalization useful in itself, and accom- 
panied by an explanation which was not in its origin objec- 
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tionable. Let us consider, in illustration, any familiar instance 
of oxidation, and try to look first for what was reasonable in 
the eighteenth-century views of the cause of such phenomena. 

A piece of dry wood has in it the power of giving out heat 
and light when set on fire ; but after it is consumed there is 
left of it only inert ashes, which can give neither. Something, 
then, has left the wood in process of becoming ashes ; virtue 
has gone out of it, or, as we should say, its potential energy 
has gone. 

This is, so far, an important observation, extending over a 
wide range of phenomena, and, if it had presented itself to 
the predecessors of Newton, it would probably have been 
allied to the vibratory theories, and become proportionately 
fruitful. But to his disciples, and to chemists and others, who, 
without being perhaps disciples, were like all then, more or 
less consciously influenced by the materiality of the corpuscu- 
lar thepry, it appeared that this virtue also was a material ema- 
nation ; — that this energy was an actual ingredient of the 
wood, — a cnideness of conception which seems most strange 
to us, but is not perhaps unaccountable in view of the then 
current thought. 

I have said that the progress of science is not so much that 
of an army as of a crowd of searchers, and that a call in a 
false direction may be responded to, not by one only, but by 
the whole body. In illustration, observe that during the 
greater part of the entire eighteenth century, this doctrine 
was adopted by almost every chemist and by many physicists. 
It had as general an acceptance among chemists then as the 
kinetic theory of gases, for instance, has among physicists now, 
and, so far as time is any test of truth, it was tested more 
severely than the kinetic theory has yet been ; for it was not 
only the lamp and guide of chemists, and to a great extent of 
physicists also, but it remained the time-honored and highest 
generalization of chemical science for over half a century, and 
it was accepted not so much as a conditional hypothesis, as a 
final guide, and a 'conquest for truth which should endure 
always. And now • where is it ? Dissipated so utterly from 
men's minds, that, to the unprofessional part of even an edu- 
cated audience like this, " phlogiston," once a name to conjure 
with, has become an unmeaning sound. 

There is no need to insist on the application of the obvious 
moral to hypotheses of our own day. 

I have tried to recall for a moment all that " phlogiston " 
meant a little more than a hundred years ago, partly because it 
seems to me, that, though a chemical conception, physics is not 
blameless for it, but chiefly because before it quitted the world 
it appears to have returned to physics the wrong in a multi- 
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plied form, hy generating an offspring specially inimical to true 
ideas about radiant heat, and which is represented by a yet 
familiar term. I mean " caloric." 

This word is still used loosely as a synonym for heat, but has 
quite ceased to be the very definite and technical term it once 
was. To me it has been new to find that this so familiar word 
" caloric," so far as my limited search has gone, was apparently 
coined only toward the last quarter of the last century. It is 
not to be found in the earliest edition of Johnston's dictionary, 
and, as far as I can learn, appears first in the^corresponding 
French form in the works of Fourcroy. It e,xpressed an idea 
which was the natural sequence of the phlogiston theory, and 
which is another illustration that the evil which such theories 
do lives after them. 

" Caloric " first seemingly appears, then, as a word coined by 
the French chemists, and meant originally to signify the un- 
known cause of the sensation heat, without any implicaljion as 
to its nature. But words, we know, though but wise men's 
counters, are the money of fools ; and this one very soon came 
to commit its users to an idea which was more likely to have 
had its origin in the mind of a chemist at that time than of 
any other, — the idea of the cause of heat as a material ingre- 
dient of the hot body ; something not, it is true, having weight, 
but which it would have been only a slight extension of the 
conception, to think might one day be isolated by a higher 
' chemical art, and exhibited in a tangible form. 

"We may desire to recognize the perverted truth which 
usually underlies error and gives it currency, and be willing to 
believe that even " caloric " may have had some justification 
for its existence ; but this error certainly seems to have been 
almost altogether pernicious for nearly the next eighty years, 
and down even to our own time. With this conception as a 
guide to the philosophers of the last years of the eighteenth 
century, it is not, at any rate, surprising if we find that at the 
end of a hundred years from E^ewton the crowd seems to be 
still going constantly farther and farther away from its true 
goal. 

The doctrine of caloric is, however, always recognized as an 
hypothesis more acceptable to chemists than to physicists, some 
of whom still stand out for the theories of ISTewton's predeces- 
sors, even through the darkest years ; so that the old idea of 
heat, as a mode of motion, has by no means so utterly died 
that it does not appear here and there during the last century, 
and indeed, not only among philosophers, but even in a popu- 
lar form. 

In an old English translation of Father Regnault's compila- 
tion on physics, dated about 1T30, I find, for instance, the 
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most explicit statement of the doctrine of heat as a mode of 
motion. Here heat is defined (with the aid of a simile due, I 
believe, to Boyle) as " any Agitation whatever of the insensi- 
ble parts. Thus a Nail which is drove into the Wood by the 
stroke of a Hammer does not appear to be hot, because its 
immediate parts have but one common Movement. Bnt 
should the ISTail cease to drive, it would acquire a sensible 
Heat, because its insensible Parts which receive the Motion of 
the Hammer now acquire an agitation every way rapid." We 
certainly must admit that the user of this illustration had just 
and clear ideas ; and the interesting point here appears to be, 
that as Father Regnault's was not an original work, but a mere 
compendium or popular scientific treatise of the period, we 
see, if only from this instance, that the doctrine of heat as a 
mode of motion was not confined to the great men of an 
earlier or a later time, but formed a part of the common pabu- 
lurn.^uring the eighteenth century to an extent that has been 
foBgotten. 

Although Prevost gave us his most material contribution 
about 1790, we have, it seems to me, on the whole, little to 
interest us dnring that barren time in the history of radiant 
energy called the eighteenth century, — a century in which sci- 
ence wore the pedant's cap and gown, and her students read 
the po^m of Creation like grammarians, for its syntax ; — a 
century whose latter years are given up, till near its very close, 
to bad a priori theories in our subject, except in the work of 
two Americans ; for in the general dearth at this time of ex- 
periments in radiant heat, it is a pleasure to fancy Benjamin 
Franklin sitting down before the fire, with a white stocking on 
one leg and a black one on the other, to see which leg would 
burn first, and to recall again how Benjamin Thompson (Count 
Rumford) not only weighed " caloric " literally in the balance 
and found it wanting, but made that memorable experiment in 
the Munich founderies which showed that heat was perpetually 
and without limit created from motion. 

It was in the last years of the century, too, that he provided 
for the medal called by his name, and which, though to be 
given for researches in heat and light, has, I believe, been 
allotted in nearly every instance to men, who, like Leslie, 
Mains, Davy, Brewster, Fresnel, Melloni, Faraday, Arago, 
Stokes, Maxwell, and Tyndall, have contributed toward the 
subject of radiant energy in particular. 

We observe that before this time the scientific literature of 
the century scarcely considers the idea even of radiant heat, 
still less of radiant energy ; so that we have been obliged here 
to discuss the views of its physicists about heat in general, 
heat and light in most minds being then distinct entities ; all 
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the ways for pilgrims to this special shrine of truth being 
barred, like those in Bunyan's Pilgrim's Progress, by the two 
unfriendly giants who are here called Phlogiston and Caloric, 
so that there are few scientific pilgrims who do not pay them 
toll. 

The last years of this century were destined to see the most 
remarkable experiments in heat made in the whole of the hun- 
dred ; for the memoir of Rumford appeared in the Philo- 
sophical Transactions for 1798 ; and in the very year 1800 
appeared in the same place Sir William Herschel's paper, in 
which he describes how he placed a thermometer in successive 
colors of the solar spectrum, finding the heat increase progres- 
sively from the violet to the red, and increase yet more beyond 
the red where there was no color or light whatever ; so that 
there are, he observes, invisible rays as well as visible. More 
than that, the first outnumber the second ; and these dark rays 
are found in the very source and fount of light itself. These 
dark rays can also be obtained, he observes, from a candle or a 
piece of non-luminous hot iron, and, what is very significant, 
they are found to pass through glass, and to be refracted by it 
like luminous ones. 

And now Herschel, searching for the final verity through a 
series of excellent experiments, asks a question which shows 
that he has truth, so to speak, in his hands, — he asks himself 
the great question whether heat and light be occasioned by the 
same or different rays. 

Eemember the importance of this (which the querist himself 
fully recognized) ; remember, that, after long hunting in the 
blindfold search, he has laid hands, as we now know, on the 
truth herself, and then see him — let go. He decides that heat 
and light are not occasioned by the same rays, and we seem to 
see the fugitive escape from his grasp, not to be again fairly 
caught till the next generation; 

I hardly know more remarkable papers than these of Her- 
schel's in the Philosophical Transactions for 1800, or anything 
more instructive in little men's successes than in this great 
man's failure, which came in the moment of success. I would 
strongly recommend the reading of these remarkable original 
memoirs to any physicist who knows them only at second-hand. 

One more significant lesson remains, in the effect of this on 
the, minds of his contemporaries. Herschel's observation is to 
us almost a demonstration of the identity of radiant heat and 
light ; but now, though the nineteenth century is opening, it is 
with the doctrine in the minds of most physicists, and perhaps 
of all chemists, that heat is occasioned by a certain material 
fluid. Phlogiston is by this time dead or dying, but Caloric is 
very much alive, and never more perniciously active than now, 
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when, for instance, years after Herschel's observation, we find 
this cited as " demonstrating the existence of caloric ;" — which 
was, it seems, the way it looked to a contemporary. 

In the year 1804 appeared what should be a very notable 
book in the history of our subject, written by Sir John Leslie, 
whose name survives perhaps in the minds of many students 
chiefly in connection with the " cube " which is still called 
after him. 

Leslie, however, ought to be remembered as a man of orig- 
inal genius, worthy to be mentioned with Hersehel and Melloni ; 
and his, too, is one of the books which the student may be 
recommended to read, at least in part, in the original ; not so 
much for the writer's instructive experiments (which will be 
found in our text-books) as for his most instructive mistakes, 
which the text-book will probably not mention. 

He began by introducing the use of the simple instrument 
which bears his name, and a new and more delicate heat-meas- 
urer (the differential thermometer) ; and with these, and con- 
cave reflectors of glass and metal, he commenced experiments 
in radiant heat, than which, he tells us, no part of physical 
science then appeared so dark, so dubious, and so neglected. 
It is interesting, and it marks the degree of neglect he alludes 
to, that his flrst discovery was that different substances have 
different radiating and absorbing powers. It gives us a vivid 
idea of the density of previous ignorance, that it was left to 
the present century to demonstrate this elementary fact, and 
that Leslie, in view of such discoveries, says, " I was trans- 
ported at the prospect of a new world emerging to view." 

ISText he shows that the radiating and absorbing powers are 
proportional, next that cold as well as heat seems to be radi- 
ated, and next undertakes to see whether this radiant heat has 
any affinity to light. He then experiments in the ability of 
radiant heat to pass through a transparent glass, which transmits 
light freely, and thinks he finds that none does pass. Radiant 
heat with him seems to mean heat from non-luminous sources ; 
and the ability or non-ability of this to pass through glass, is 
to Leslie and his successors a most crucial test, and its failure 
to do so a proof that this heat is not affiliated to light. 

Let hs pause a moment here to reflect that we are apt to 
unconsciously assume, while judging from our own present 
standpoint where past error is so plain, that the false conclu- 
sion can only be chosen by an able, earnest, conscientious 
seeker, after a sort of struggle. Not so. Such a man is found 
welcoming the false with rapture, as very truth herself. 

"What then," says Leslie, "is this calorific and frigorific 
fluid after which we are inquiring ? It is not light, it has 
no relation to ether, it bears no analogy to the fluids, real or 
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imaginary, of magnetism and electricity. But why have re- 
course to invisible agents ? Quod petis, hie est. It is merely 
the ambient AIR." 

The capitals are Leslie's own, but ere we smile with supe- 
rior knowledge, let us put ourselves in his place, and then we 
may comprehend the exultation with which he announces the 
identity of radiant heat and common air, for he feels that he 
is beginning a daring revolt against the orthodox doctrine of 
caloric ; and so he is. 

The first five years of this century are notable in the history 
of radiant energy, not only for the work of Leslie, and for 
the observation by Wpllaston, Bitter, and others, of the so- 
called " chemical " rays beyond the violet, but for the appear- 
ance of Young's papers, reestablishing the undulatory theory, 
which he indeed considered in regard to light, but which was 
obviously destined to affect most powerfully the theory of ra- 
diant energy in general. 

We are now in the year 1804, or over a century and a 
quarter since the corpuscular theory was emitted, and during 
that time it has gradually grown to be an article of faith in a 
sort of scientific church, where I^ewton has come to be looked on 
as an infallible head, ard his views as dogmas, about which no 
doubt is to be tolerated ; but if we could go back to Cam- 
bridge in the yeaj* 1668, when the obscure young student, in 
no way conscious of his future pontificate, takes his degree 
(standing twenty-third on the list of graduates), we should 
probably find that he had already elaborated and greatly im- 
proved certain already current ideas into the undulatory the- 
ory of light, which he at any rate promulgated a few years 
later, and afterward, pressed with many difficulties, altered, as 
we now know, to an emissive one. 

Probably, if we could have heard his own statement then, 
he would have told how sorely tried he was between these two 
opinions, and, while explaining to us how the wavering bal- 
ance came to lean as it did, would have admitted, with the 
modesty proper to such a man, that there was a great deal to 
be said on either side. We may, at any rate, be sure that it 
would not be from the lips of N'ewton himself that we should 
have had this announced as a belief which was to be part of 
the rule of faith to any man of science. 

But observe how, if science and theology look askance at 
each other, it is still true that some scientific men and some 
theologians have, at any rate, more in common than either is 
ready to admit ; for at the beginning of this century JSTewton's 
followers, far less tolerant than their master, have made out of 
this modest man a scientific pontiff, and out of his diffident 
opinions a positive dogma, till as years go on, he comes to be 



S. P Langley — I'he History of a Doctrine. 13 

cited as so infallible that a questioning of these opinions is an 
offense deserving excommunication. 

This has grown to be the state of things in 1804, when 
Young, a man possessing something of Newton's own great- 
ness, ventures to put forward some considerations to show that 
the undulatory theory may be the true one, after all. But the 
prevalent and orthodox scientific faith was still that of the ma- 
terial nature of light ; the undulatory hypothesis was a heresy, 
and Young a heretic. If his great researches had been re- 
viewed by a physicist or a brother worker, who had himself 
trodden the difficult path of discovery, he might have been 
treated at least intelligently ; but then, as always, the camp- 
followers, who had never been at the front, shouted from a 
safe position in the rear to the man in the dust of the fight, 
that he was not proceeding according to the approved rules of 
tactics ; then, as always, these men stood between the public 
and the investigator, and distributed praise or blame. 

If you wish to hear how the scientific heretic should be 
rebuked for his folly, listen to one who never made an obser- 
vation, but, having a smattering of everything books could 
teach about every branch of knowledge, was judged by him- 
self and by the public to be the fittest interpreter to it, of the 
physical science of this day. I mean Henry Brougham, the 
universal critic, the future Lord Chancellor of England, of 
whom it was observed, that, " if he had but known a little 
law, he would have known a little of everything." He uses 
the then all-powerful Edinburgh Review for his pulpit, and 
from it fulminates the condemnations of the church on the in- 
novating memoir of the heretical Young. 

'' This paper," he says, " contains nothing which deserves 
the name of experiment or discovery ; and it is, in fact, des- 
titute of every species of merit. . . . first is another lecture, 
containing more fancies, more blunders, more unfounded 
hypotheses, more gratuitous fictions . . . and all from the fer- 
tile yet fruitless brain of the eternal Dr. Young. In our sec- 
ond number we exposed the absurdity of this writer's ' law of 
interference,' as it pleases him to call one of the most incom- 
prehensible suppositions that we remember to have met with 
in the history of human hypotheses." 

There are whole pages of it, but this is enough ; and I 
cite this passage among many such at command, not only as an 
example of the way the undulatory theory was treated at the 
beginning of this century in the first critical journal of Eu- 
rope, but as another example of the general rule that the same 
thing may appear intrinsically absurd, or intrinsically reason- 
able, according to the year of grace in which we hear of it. 
The great majority, even of students of science, must take 
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their opinions ready-made as to science in general ; each know- 
ing, so far as he can be said to know anything at first-hand, 
only that little corner which research has made specially his 
own. 

The moral we can all draw, I think, for ourselves. 

In spite of such criticism as this, the undulatory hypothesis 
of light made rapid way, and carried with it, one would now 
say, the necessary inference that radiant heat was due to un- 
dulations also. This was, however, no legitimate inferenceto 
those to whom radiant heat was still a fluid ; and yet, in spite 
of all, the modern doctrine now begins to make visible 
progress. 

A marked step is taken about 1811 by a young Frenchman, 
De la Eoche, who deserves to be better remembered than he is, 
for he clearly anticipated some of Melloni's discoveries. De la 
Eoche in particular shows that of two successive screens the 
second absorbs heat in a less ratio than the first ; whence he, 
before any one else, I believe, derives the just and most im- 
portant, as well as the then most novel conception, that radi- 
ant heat is of different hinds. He sees also, that, as a body is 
heated more and more, there is a gradual and continual ad- 
vance not only in the amount of heat it sends out, but in the 
kind, so that, as the temperature still rises, the radiant heat 
becomes light by imperceptible gradations ; and he concludes 
that heat and light are due to one simple agent, which, as the 
temperature rises yet more, appears more and more as light, or 
which, as the luminous radiation is absorbed, re-appears as 
heat. Very little of it, he observes, passes even transparent 
screens at low temperatures, but more and more does so as the 
temperature rises. 

All this is a truism in 1888, but it appears admirably new as 
well as true in 1811 ; and if De la Eoche had not been re- 
moved by an early death, his would have not improbably been 
the greatest name of the century in the history of our subject ; 
an honor, however, which was in fact reserved for another. 

The idea of the identity of light and radiant heat had by 
this time made such progress that the attempt to polarize the 
latter was made in 1818 by Berard. We have just seen in 
Herschel's case how the most sound experiment may lead to a 
wrong conclusion, if it controvert the popular view. We now 
have the converse of this in the fact that the zeal of those who 
are really in the right way may lead to unsound and inconclu- 
sive experiment ; for Berard experimentally established, as it was 
supposed, the fact that obscure radiant heat can be polarized. So 
it can, but not with such means as Berard possessed, and it was 
not till a dozen years more that Forbes actually proved it. 
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At this time, however fairly we seem embarked on the 
paths of study which are followed to-day, and while the move- 
ment of the main body of workers is in the right direction, it 
is yet instructive to observe how eminent men are still spend- 
ing great and conscientious labor, their object in which is to 
advance the cause, while the effect of it is to undo the little 
which has been rightly done, and to mislead those who have 
begun to go right. 

As an instance both of this and of the superiority of mod- 
ern apparatus, we may remark, — after having noticed that the 
ability of obscure heat to pass through glass, if completely 
established, would be a strong argument in favor of its kin- 
ship to light, and that De la KocJie and others had indicated 
that it would do so (in which we now know they were right), — 
that at this stage, or about 1816, Sir David Brewster, the 
eminent physicist, made a series of experiments which showed 
that it would not so pass. Ten years later, in view of the im- 
portance of the theoretical conclusion, Baden Powell repeated 
his observations with great care, and confirmed them, an- 
nouncing that the earlier experimenters were wrong, and that 
Brewster was right ; so that here all these years of conscien- 
tious work resulted in establishing, so far as it could be estab- 
lished, a wholly wrong conclusion in place of a right one 
already gained. 

It may be added, that with our present apparatus, the pas- 
sage of obscure radiant heat through glass could be made 
convincingly evident in an experiment which need not last 
a single second. 

We are now arrived at a time when the modem era begins ; 
and in looking back over one hundred and fifty years, from 
the point of view of the experimenter himself with his own state- 
ment of the truth as he saw it, we find that the comparison of the 
progress of science to that of an army, which moves, perhaps 
with the loss of occasional men, but on the whole victoriously 
and in one direction, is singularly misleading ; and I state this 
more confidently here, because there are many in this audience 
who did not geit their knowledge of nature from books only, 
but who have searched for the truth themselves ; and, speak- 
ing to them, may I not say that those who have so searched know 
that the most honest purpose and the most patient striving 
have not been guaranties against mistakes, — mistakes which 
were probably hailed at the time as successes ? It was some 
one of the fraternity of seekers, I am sure, who said, "Show 
me the investigator who has never made a mistake, and I will 
show you one who has never made a discovery." ^hr^ 

We have seen the whole scientific body, as regards this par- 
ticular science of radiant energy, moving in a mass, in a w-rong 
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direction, for a century ; we have seen that individuals in it 
go on their independent paths of error ; and we can only won- 
der that an era should have come in which such a real ad- 
vance is made as in ours. 

That era has been brought in by the works of many, but 
more than by any other through the fact that, in the year 
180] , there came into the world at Parma an infant who was 
born a physicist, as another is born a poet ; nay, more ; who 
was born, one might say, a devotee of one department of 
physics, that of radiant heat ; being affected in his tenderest 
years with such a kind of precocious passion for the subject as 
the childish Mozart showed for music. He was ready to sacri- 
fice everything for it ; he struggled through untold difficulties, 
not for the sake of glory or worldly profit, but for radiant 
heat's sake ; and when fame finally came to him, and he had 
the right to speak of himself, he wrote a preface to his col- 
lected researches, which is as remarkable as anything in his 
works. In this preface he has given us, not a summary of 
previous memoirs on the subject, not a table of useful factors 
and formulae, not anything at all that an English or an Ameri- 
can scientific treatise usually begins with, but the ingenuous 
story of his first love, of his boyish passion for this beloved 
mistress ; and all this with a trust in us, his readers, which is 
beantiful in its childlike confidence in our sympathy. 

I should need to abbreviate and injure in order to quote ; 
but did ever a learned physical treatise and collections of use- 
ful tables begin like this before ? 

"I was born at Parma, and when I got a holiday used to go 
into the country the night before, and go to bed early, so as 
to get up before the dawn. Then I used to steal silently out 
of the house, and run, with bounding heart, till I got to the 
top of a little hill, where I used to set myself so as to look 
toward the East." There, he tells us, he used, in the stillness 
of nature, to wait the rising sun, and feel his attention rapt, 
less with the glorious spectacle of the morning light itself than 
with the sense of the mysterious heat which accompanied its 
beams, and brought something more necessary to our life and 
that of all nature than the light itself, so that the idea that 
not only mankind, but nature, would perish though the light 
continued, if this was divorced from heat, made a profound 
impression, he tells us, on his childish mind. 

The statement that such an idea could enter with dominat- 
ing force into the niind of a child will perhaps seem improb- 
able to most. It will, however, be credible enough to some 
here, I have no doubt. 

Is there some ornithologist present who remembers a quite 
infantile attraction which birds possessed for him above all the 
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rest of the animated creation ? Some chemist whose earliest 
recollections are of the strange and quite abnormal interest he 
found as a child in making experimental mixtures of every 
kind of accessible household fluid and solid ? Some astron- 
omer who remembers that when a very little creature not only 
the sight of the stars, but of any work on astronomy, even if 
utterly beyond his childish comprehension, had an incompre- 
hensible attraction for him ? I will not add to the list. There 
are, at any rate, many here who will understand Melloni when 
he tells how this radiant heat, commonplace to others, was 
wonderful to his childish thought, and wrought a charm on it 
such that he could not see wood burn in a fireplace, or look at 
a hot stove, without its drawing his mind, not to the fire or 
iron itself, but to the mysterious efiluence which it sent. 

This was the youth of genius ; but let not any fancy that 
genius in research is to be argued from such premonitions 
alone, unless it can add to them that other qualification of 
genius which has caused it to be named the faculty of taking 
infinite pains. Melloni's subsequent labors justified this last 
definition also ; but I cannot speak of them here, further than 
to say, that, after going over a large part of his work myself, 
with modern methods and with better apparatus, he seems to 
me the man, of all great students of our subject, who, in ref- 
erence to what he accomplished, made the fewest mistakes. 

Melloni is very great as an experimenter, and owes much of 
his success to the use of the newly invented thermopile, which 
is partly his own. I can here, however, speak only of his 
results, and of but two of these, — one generally known ; the 
other, and the more important, singularly little known, at least 
in connection with him. 

The first is the full recognition of the fact, partly antici- 
pated by De la Roche, that raldiant heat is of different kinds, 
and that the invisible emanations differ among themselves just 
as those of light do. Melloni not only established the fact, 
but invented a felicitous term for it, which did a great deal to 
stamp it on recognition, — the term " thermochrose," or heat- 
color, which helps us to remember, that, as the visible and 
apparently simple emanation of light is found to hav^ its 
colors, so radiant heat, the invisible but apparently simple 
emanation, has what would be colors to an eye that could see 
them. This result is well known in connection with Melloni. 

The other and the greater, which is not generally known as 
Melloni's, is the generalization that heat and light are effects of 
one and the same thing, and merely different manifestations of 
it. I translate this important statement as closely as possible 
from his own words. They are that 
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" Light is merely a series of ealorifio indications sensible to 
the organs of sight, or vice versa, the radiations of olscwre 
heat are veritable invisible eadiations of light." 

The italics and the capitals are Melloni's own. He wishes 
to have no amhiguity about his announcement behind which 
he may take shelter ; and he had so firm a grasp of the great 
principle, that, when his first attempts to observethe heat of 
the moon failed, he persevered, because this principle assured 
him that where there was light there must be heat. This 
statement was made in 1843, and ought, I think, to insure to 
Melloni the honor of being first to thus distinctly announce 
this great generalization. 

The announcement passed apparently unnoticed, in spite of 
his acknowledged authority ; and the general belief not merely 
in different entities in the spectrum, but in a material caloric, 
continued as strong as ever. If you want to see what a hold 
on life error has, and how hard it dies, turn to the article 
" heat," in the eighth edition of the " Encyclopaedia Britan- 
nica," where you will find the old doctrine of caloric still in 
possession of the field in 1853 ; and still later, in the generally 
excellent "English Encyclopaedia" (edition of 1867), the doc- 
trine of caloric is, on the whole, preferred to the undulatory 
hypothesis. It is very probable that a searcher might find 
many traces of it yet lingering among us ; so that Giant 
Caloric is not, perhaps, even yet quite dead, though certainly 
grown so crazy and stiff in the joints, that he can now harm 
pilgrims no more. 

So far as I know, no physicist of eminence reasserted Mel- 
loni's principle with equal emphasis, till J. W. Draper, in 1872. 
Only sixteen years ago, or in 1872, it was almost universally 
believed that there were three different entities in the spec- 
trum, represented by actinic, luminous and thermal rays. 
Draper remarks that a ray consists solely of ethereal vibrations 
whose lost vis viva may produce either heat or chemical change. 
He uses Descartes' analogy of the vibration of the air, and 
sound ; but he makes no mention either of Descartes or of 
Melloni, and speaks of the principle as leading to a modifica- 
tion of views then "universally" held. Since that time the 
theory has made such rapid progress, that, though some of the 
older men in England and on the European continent have not 
welcomed it, its adoption among all physicists of note may be 
said to be now universal, and a new era in our history begins 
with it. I mean with the recognition that there is one radiant 
energy which appears to us as "actinic," or " luminous " or 
"thermal" radiation, according to the way we observe it. 
Heat and light, then, are not tmngs in themselves, but whether 
different sensations in our own bodies, or different effects in 



S. P- Langley — The History of a Doctrine. 19 

other bodies, are raerely effects of this mysterious thing we 
call radiant energy, without doing more in this than give a 
name to the ignorance which still hangs over the ultimate 
cause. 

I am coming down dangerously near our own time, for one 
who would be impartial in dealing with names of those still 
living. In such a brief review of this century's study of 
radiant energy in other forms than light, it has been necessary 
to pass without mention the labors of such men as Pouillet 
and Becquerel in France, of Tyndall in England, and of 
Henry in America. It has been necessary to omit all mention 
of those who have advanced the knowledge of radiant energy as 
light, or I should have had to speak of labors so diverse as those 
of Fraunhofer, of Kirchhoff, of Fresnel, of Stokes, of Lockyer, 
of Janssen, and many more. I have made no mention, in the 
instructive history of error, of many celebrated experimental 
researches ; in particular of such a problem as the nieasure- 
ment of solar heat, great in importance, but apparently most 
simple in solution, yet which has now been carried on from 
generation to generation, each experimenter materially alter- 
ing the result of his predecessor, and where our successors will 
probably correat our own results in turn. I have not spoken 
of certain purely experimental investigations, like those of 
Dulong and Petit, which have involved immense and consci- 
entious labor, and have apparently rightly earned the name of 
"classic" from one generation, only to be recognized by the 
next as leading to untrustworthy results, and leaving the work 
to be done again with new methods, guided by new principles. 

In the^ instances, painstaking experiments have proved 
insufficient, less from want of skill in the investigator than 
from his ignorance of principles not established in time to 
enable him to interpret his experiments ; but, if there were 
opportunity, it would be profitable to show how inexplicably 
sometimes error flourishes, grows, and maintains an apparently 
healthy appearance of truth, without having any root what- 
ever. Perhaps I may cite one instance of this last from my 
own experience. 

About ten years ago it was generally believed that the 
earth's atmosphere acted exactly the part of the glass in a hot- 
bed, and that it kept the planet warm by exerting a specially 
powerful absorption on all infra-red rays. I had been reared 
in the orthodox scientific church, of which I am happy to be 
still a member ; but I had acquired perhaps an almost undue 
respect, not only for her doctrines, but for her least sayings. 
Accordingly, when my own experiments did not agree with 
the received statement,' I concluded that my experiments must 
be wrong, and made them all over again, till spring, summer, 
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autumii and winter had passed, each season giving its own 
testimony ; and this for successive years. The final conclusion 
was irresistible, that the universal statement of this alleged 
well-known fact, inexplicable as this might seem, in so simple 
a matter, was directly contradicted by experiment. I had 
some natural curiosity to find how every one knew this to be a 
fact; but search only showed the same statement (that the 
earth's atmosphere absorbed dark heat like glass) repeated 
everywhere, with absolutely nowhere any observation or evi- 
dence whatever to prove it, but each writer quoting from an 
earlier one, till 1 was almost ready to believe it a dogma supe- 
rior to reason, and resting on the well-known " Quod semper^ 
quod ubique^ quod oh omnibus, creditum estP Finall;^ I 
appear to have found its source in the writings of Fourier, 
who, alluding to De Saussure's experiments (which showed 
that dark heat passed with comparative difficulty through 
glass) observes that if the earth's atmosphere were solid, it 
would act as the glass does. Fourier simply takes this (in 
which he is wrong) for granted ; but, as he is an authority on 
the theory of heat, his words are repeated without criticism, 
first by Poisson, then by others, and then in the text-books ; 
and, the statement gaining weight by age, it comes to be be- 
lieved absolutely, on no evidence whatever, for the next sixty 
years, that our atmosphere is a powerful absorber of precisely 
those rays which it most freely transmits. 

The question of fact here, though important, is, I think, 
quite secondary to the query it raises as to the possible unsus- 
pected influence of mere tradition in science, when^we do not 
recognize it as such. Now, members of any church are doubt- 
less consistent in believing in traditions, if they believe that 
these are presented to them by an infallible guide ; but are we, 
who have no infallible guide, quite safe in believing all we do, 
from our fond persuasion that in the scientific body mere tra- 
dition has no weight ? 

In even this brief sketch of the growth of the doctrine of 
radiant energy, we have perhaps seen that the history of the 
progress of this department of science is little else than a 
chapter in that larger history of human error which is still to 
be written, and which, it is safe to say, would include illustra- 
tions from other branches of science, as well as my own. But 
— and here I ask pardon if I speak of myself — I have been 
led to review the labors of other searchers from this stand- 
point, because I had first learned, out of personal experience, 
that the greatest care was no certain guaranty of final accuracy ; 
that to labor in the search for a truth with such endless pains 
as a man might bestow if his own salvation were in question, 
did not necessarily bring the truth ; and because, seeking to 
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see whether this were the lot of other and greater men, I have 
found that it was, and that, though no one was altogether for- 
saken of the truth he sought, or, on the whole review of his 
life as a seeker, but might believe he had advanced her cause, 
yet there was no absolute criterion by which it could be told 
at the time, whether, when after long waiting, there came in 
view what seemed once more her beautiful face, it might not 
possibly prove, after all, the mockery of error ; and, doubtless, 
appeal might be made to the experience of many investigators 
here with the question, " Is it not so ?" 

What then ? Shall we admit that truth is only to be surely 
found under the guidance of an infallible church ? If there be 
such a church, yes ! Let us, however, remember that the 
church of science is not such a one, and be ready to face all 
the consequences of the knowledge that her truths are put for- 
ward by her as provisional only, and that her most faithful 
children are welcome to disprove them. 

What then, again ? Shall we say that the knowledge of 
truth is not advancing ? It is advancing, and never so fast as 
to-day ; but the steps of its advance are set on past errors, and 
the new tijuths become such stepping-stones in turn. 

To say that what are truths to one generation are errors to 
the next, or that truth and error are but different aspects of 
the same thing to our poor human nature, may be to utter tru- 
isms ; but truisms which one has verified for one's self out of a 
personal experience are apt to have a special value to the 
owner ; and these lead, at any rate, to the natural question, 
" Where is, theii, the evidence that we are advancing in reality, 
and not in our own imagination ?" 

There are many here who will no doubt heartily subscribe to 
the belief that there is no absolute criterion of truth for the 
individual, and admit that there is no positive guaranty that 
we, with this whole generation of scientific men, may not, like 
our predecessors, at times go the wrong way in a body, yet 
who believe as certainly that science as a whole, and this 
branch of it in particular, is actually advancing with hitherto 
unknown rapidity. In asking to be included in this number, 
let me add that to me the criterion of this advance is not in 
any ratiocination, not in any a priori truth, still less in the 
dictum of any authority, but in the undoubted observation 
that our doctrine of radiant energy is reaching out in every 
direction, and proving itself by the equally undoubted fact 
that through its aid nature obeys us more and more ; proving 
itself by such material evidence as is found in the electric 
lights in our streets, and in a thousand such ways which I need 
not pause to enumerate. 
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And here I might end, hoping that there may be some les- 
sons for QS in the history of what has been said. I will ven- 
ture to ask attention to but one. It is that in these days, when 
the advantage of organization is so fully recognized, when 
there is a well-founded hope that by cooperation among scien- 
tific men knowledge may be more rapidly increased, and when 
not only in the great scientific departments of government but 
everywhere, there is a tendency to the formation of the divis- 
ions of a sort of scientific army, not to say of a scientific 
church — that at such a time we should yet remember, that, 
however rapidly science changes, human nature remains much' 
the same ; and (while we are uttering truisms) let us venture 
to repeat that there is a very great deal of this "human nature" 
even in the scientific man, whose best type is one nearly as 
independent as nature itself, and one which will not always 
work best at the word of command. Let him then never for- 
get that the history of science, scarcely less than of theology, 
warns him of the tendency of authority to exceed its proper 
sphere, and from without it, to define belief, and to impose 
obedience to doctrine. 

Finally, if, turning to the future, I were asked what I 
thought were the next great steps to be taken in the study of 
radiant heat, I should feel unwilling to attempt to look more 
than a very little way in advance. Immediately before us, 
however, there is one great problem waiting solution. I mean 
the relation between temperature and radiation ; for we know 
almost nothing of this, where knowledge would give new in- 
sight into almost every operation of nature (nearly every one 
of which is accompanied by the radiation or reception of heat),, 
and would enable us to answer inquiries now put to physicists 
in vain by every department of science, from that of the nat- 
uralist as to the enigma of the brief radiation of the glow- 
worm, to that of the geologist who asks as to the number of 
million years required for the cooling of a world. 

When, however, we begin to go beyond the points which 
seem, like this, to invite our very next steps in advance, we 
cannot venture to prophesy, and must content ourselves with 
the knowledge that through our study we are beginning to 
apprehend the full meaning of one of the early great ones of 
science, who described man as the meeting point of two in- 
finities. That there is an infinity of space above him, man 
has long known, but that there is another absolute infinity, and 
what the possibilities are which lie in the infinitesimals of space,, 
he is but beginning to realize. The secular movements, whose 
accpmplishment demands more than a million years of time, 
he has already considered ; but of the consequences which may 
result from a more careful study of actions occurring in the 
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infinitesimals of time, and whose whole duration may be far 
less than the millionth of a second, he has hardly even yet be- 
gun to think ; and these are but little portions of the ungam- 
ered field .of research, open to the student of that radiant 
energy which sustains, with our own being, that of all ani- 
mated nature, of which humanity is but a part. 

If there be any students of nature here, who, feeling drawn 
to labor in this great field of hers, still doubt whether there is 
yet room, surely it may be said to them, " Yes, just as much 
room as ever, as much room as the whole earth offered to the 
first man ;" for everything that has been done in the past is, I 
believe, as nothing to what remains before us, and that field is 
simply unbounded. The days of hardest trial and incessant 
bewilderiag error in which your elders have wrought, seem 
over. You " in happier ages born," you of the younger and 
the coming race, who have a mind to enter in and possess it, 
may, as the last word here, be bidden to indulge in an equally 
unbounded hope. 
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Aet. XI. — On the Observation of Sudden Phenomena ; by 
S. P. Langley. 

[Read before the Philosophical Society of Washin^on, March 2, 1889.] 

By a sudden phenomenon is here meant one of that large 
class where the occurrence is awaited without the observer's 
previous knowledge of its exact instant, and of which familiar 
examples may be found in the bursting of a rocket, the ap- 
pearance of a meteor, or the emergence of a star from behind 
the moon. A great part of all the phenomena of daily life, 
as well as of scientific observation, are of this kind, though 
the importance of a special instance of another class, (I refer 
to the gradual and foreseen approach of a star to a wire), has 
drawn to this latter such particular attention that we are 
apt to think of it only when " personal error " is in question. 

When in an observatory, we study the means taken to 
record the precise time of the transit of a star, we find that 
the precision of modem apparatus has reduced the error 
which we may expect in almost any part of the mechanism to 
an extremely minute amount, which may be calculated to the 
fractional part of the one hundredth of a second. I say 
" almost " for, as we are all aware, there is one notable excep- 
tion, at least until photography can be made to intervene. The 
human brain and nerves, and behind these the inscrutable pro- 
cesses of the will, themselves form an inevitable link in the 
chain of apparatus of observation, and here an error may and 
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does arise enormously greater than that of all the rest put 
together. 

We all know that this error varies with the individual and 
the occasion. It is most constant in the experienced observer, 
but even in his case it varies with the daily accidents of the 
human organism, and even with him it is presumably constant 
only for the particular observation to which the experience 
applies. There is not even a presumption, I think, that the 
personal equation belonging to an experienced transit observer 
would apply to the same person's notation of the occultation 
or emergence of a star, and still less, if possible, to any phenom- 
enon outside his ordinary professional experience; for we 
must, of course, recognize that we carry this fallibility with us 
in every act of life, and that it is just as present when we 
attempt to determine the instant at which a race horse passes 
the winning post, as when we seek to note the particular hun- 
dredth of a second at which a star passes the wire. 

The very words " personal equation " imply that the errors 
due to this fallibility can be ascertained and allowed for, and 
may lead us to think (if we think carelessly) that there is a 

Eersonal equation always ascertainable ; whereas, as we in fact 
now, it is only possible to apply the correction where long 
habit has settled the amount of error to be expected with 
regard to some one special phenomenon. 

The number of devices for obtaining and correcting the 
personal equation, even in the special case of meridian observa- 
tion, is, as those who have studied the subject know, surpris- 
ingly great. I think I have myself examined more than fifty 
such, and with hardly an exception they all exhibit variations 
on one idea — the idea, that is, that the error must have been 
committed first ; the committing of the error being assumed 
to be an inevitable necessity for which subsequent correction is 
to be made. 

I have thought, then, that it might be interesting if I were 
to ask you to consider with me what may seem at first the 
somewhat paradoxical suggestion, that means may be found by 
which any individual, skilled or ignorant, may make, not only 
meridian observations, but an observation of any sudden visible 
event, of whatsoever nature, so accurately that we need apply 
no correction, because the precision may be, if not absolute, at 
least such that no correction will in ordinary -practice be 
needed. I may deceive myself in thinking that what I have 
to suggest involves a novel idea, but I am led to suppose so 
from the fact that 1 have met no application of it in a some- 
what extended reading on this point. 
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Let me first remark that while such error as that in question 
doubtless belongs to all the senses in some degree, we are at 
this moment considering it in connection with the sense of 
sight only. 

When we see anything in motion (let us suppose for instance 
a passing train on the railroad) we have the well-known facts 
that— 

First. An instantaneous photograph is made by the optic 
lens upon the retina, there being a picture formed there, which 
is perfectly distinct, but which fades out upon the retinal plate 
in from one-tenth to one-quarter of a second, while the percep- 
tion of this image is under ordinary circumstances * sensibly 
instantaneous ; but — 

Second. Nerves convey the distinct impression of every part 
of the picture to the brain, and it is here, if we have to act on 
this impression, that a certain time is lost, not only in the carrying 
of the message along one set of nerves and the bringing back 
the answer on the other, but in the decision that is being made 
by that unknown and inner self, which appears to us to exert 
here a more or less conscious act of will. 

In the case of a sudden and startling event, the time elapsed 
may be almost indefinitely great ; and in some cases, probably 
several entire seconds may pass without the consciousness of 
the observer. A very imperfectly appreciated interval must 
occur in all cases, for what we have just said applies to every 
event of our daily lives, and the professional observation is 
only a particular instance of it. 

Now, I ask your attention to the practical instantaneity of 
the formation of this visual picture, which is known to be 
obtained where the duration of the phenomenon to be observed 
is much less than the one thousand-millionth of a second, while 
where we have every reason to believe that the actual forma- 
tion of the image on the retina under known ordinary condi- 
tions requires a time of like order. 

We may say, then, that the casting of a picture on the 
retina is instantaneous. It is its fading out that requires time, 
and it is while this fading out takes place, and even long after 
it, that the work of perception, decision, and action is going 
on behind the retinal curtain in the chambers of the brain. 
Notice then, that while to determine when a phenomenon ^ 
occurs may require, under some circumstances, several seconds, 
and under all ordinary circumstances a notable fraction of a 
second, to determine where it occurs requires (sensibly) no 
time at all, for one single impression remains on the retina 

* The writer's observations (this Journal, Nov., 1888) show that appreciable 
time is required for perception of the retinal impression, with certain excessively 
faint lights ; but these are not here in question. 
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long enough to obtain full recognition and to be reproduced 
by processes of memory. 

I can make my meaning clearer, perhaps, by using the same 
specific instance as before. Let us suppose that an accident to 
a passenger on the passing train is the phenomenon, the time 
of whose occurrence is to be noted, and that this accident is 
seen from a room in which there are two windows looking on 
the track. "We must have seen the accident, if it be instantane- 
ous, either through the first window or the second. If we had 
been led to anticipate that we should be called upon to say 
through which window we saw it, 1 think we may all admit 
that there would be no discrepancy on this point between dif- 
ferent observers, for in this case we are considering only the 
element of position, and the element of time does not directly 
enter at all, so that observers in the same position who had been 
bidden to note through which window they saw it would all 
agree on this point. 

Now a connection can here obviously be established between 
the place and the time, from which to infer the latter, if we 
are granted the knowledge of two facts : the time at which the 
carriage could have first come into view from the first window, 
and the time at which it must have passed out of view behind 
the second ; for if we suppose the speed of the train to have 
been uniform, we have the means of deciding the fraction of 
the time when we know the fraction of space. Here then, as 
in the case of a common clock or chronograph, or any device 
where time and space are proportional, we can infer the latter 
from the former ; only let it be observed that we here need no 
recording apparatus. What we use is the memory of where 
the event occurred ; in other words, we recall the impression 
on the retinal screen and have no need to bring into use what 
we may call the time-perception apparatus of the brain which 
lies behind it ; nor do we in fact need that the object of our 
observation shall be really in motion, but only that it shall be 
made to appear to be so. 

This last point is all important, and what I ask your atten- 
tion to is an experiment heretofore, I think, untried, and which 
is perhaps a novel application of the fundamental horological 
idea that time and space must be made proportional, for it 
seems to me it must be theoretically possible, not only in the 
case of the clock or the chronograph, but always, to so connect 
the former with the latter that the essential task of the time 
observer is only to say where any visible event apparently oc- 
curred, and then let some mechanism outside of himself say 
when. 

That at least is the idea, and if it has, as 1 hope, been clearly 
apprehended by you, I will now ask your attention to a work- 
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ing plan for carrying it out. Numerous different devices have 
been under my consideration. I will take oneNwhicli is prim- 
arily designed for the observation of any celestial phenomenon, 
though it could very well be adapted to terrestrial ones ; and 
in order to fix our ideas, I will suppose that we have an event 
which we know the approximate time of, but which may burst 
upon us at some fraction of a second which we want to deter- 
mine. I will assume (merely to fix our thoughts) that we wish 
to note the time at which a star emerges from behind the dark 
body of the moon, with an accuracy which ensures us that we 
have not made an error so great as one-twentieth of a second. 

You see I hold in my hand a peculiar eye-piece, which has 
been made to observe this or any other terrestrial or celestial 
phenomenon of sudden occurrence. It can also be used for me- 
ridian observation, but its special field seems to lie in noting an 
event where no ordinary correction for personal equation is ap- 
plicable. This event may be anything celestial or terrestrial, 
from the entrance of Yen us on the disc of the sun, to the ex- 
plosion of a mine ; but, for the purpose of illustration merely, 
let us take it to be the sudden appearance of the star. 

On looking into the telescope we see, in the first place, two 
prominfent wires crossing each other at right angles, dividing 
the field of view into four quadrants. Now, by a simple 
mechanism, which I shall shortly explain, any object that our 
telescope is directed on — any fixed star for example — seems to 
be revolving in the field, passing successively through the first, 
second, third and fourth quadrants. If the star is hidden the 
mechanism is working just the same, and when the star appears 
it must evidently first be seen in some particular one of these 
four quadrants, and experience shows that we shall have no 
difficulty in telling in which one. The mechanism itself has 
recorded for us by an electric contact the limiting instant 
between which it is possible to see the beginning and the end 
of the cycle during which revolution may be supposed to be 
made. It is not necessary that this cycle should last just a 
second ; but supposing it (still for illustration only) to be a 
second, if it was seen in the first quadrant, it was seen in the 
first quarter of the second ; if it was seen in the second quad- 
rant ; some time in the second quarter of the second ; in the 
third, in the third quarter ; in the fourth, in the final quarter. 
All that we have to do in this case is to know in which 
second it occurred ; for the quarter of a second we may say is 
noted for us by the purely automatic action of the optic lens 
and retina, since the first image on the retina must be that of 
the star as seen in some particular one of the four quadrants. 

Going a little farther, we will now suppose each of the four 
quadrants, which in turn correspond to quarter seconds, to be 
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divided into five parts, so that the whole circle is divided into 
twenty. All the observer has to say is in which quadrant and 
in which subdivision of the quadrant the star appears, to say in 
which twentieth of the second (or other brief cycle) it 
emerged. 

The reticule I have just described is fixed in the focus of the 
eye-piece and does not revolve. What does revolve is a minute 
double prism of total reflection just before the reticule, the 
middle of whose reflecting face lies in the optical axis, and by 
whose means this axis is twice broken at a right angle, so 
that when the telescope is directed on a star the image of 
the star is not seen at the center of the field, but on one side of 
it. If the prism is revolved, the star must appear to revolve 
in a circle whose radius is nearly that of the side of the prism. 

The little prism is turned by a small piece of watch-work, 
but it is not at all necessary that this should be exact, since all 
we demand is that the rate shall be constant during a second 
or so — a condition easily secured with the most ordinary 
mechanism. 

The sketch and the apparatus exhibited sufficiently indicate, 
I think, the simple means by which this is brought about. 
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Figure 1 is a section one-half full size. A A is the outer 
tube, which can be fitted, if desired, into the eye end of a tele- 
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scope. 5 5 is the inner tube, resting on friction wheels ,//, 
revolved by the clock-work c o about once a second, and 
recording the time at which a key in the observer's hand may 
be pressed to indicate the particular second. This record may 
be made electrically by the wires w w on & chronograph, or 
more simply and directly on a little attached dial like that of a 
recording stop-watch. 

p ja is, the prism of double total reflection, rV is the position 
of the fixed reticule (shown independently as it appears to the 
observer and of full size in figure 2). 

e e are the lenses of a positive eye-piece. The lamp is for 
giving wire illumination, if desired, when a telescope is em- 
ployed. 

Field illumination is readily obtained otherwise by making 
the diaphragm in which the prism jp^ is set of translucent 
material. 

Finally it should be remarked that on removing the eye- 
piece events may be observed without using any telescope. In 
this, its simplest form, the chronograph may also be dispensed 
with, and the record of the second made on an attached stop- 
watch dial and the instrument may thus carry its own complete 
recording apparatus and be more portable than an ordinary 
opera-glass. 

I have not found opportunity to use this apparatus on the 
moon or occultations, but I have, what is possibly more to the 
purpose now, tried it on an artificial star, the instant of whose 
appearance and disappearance was independently recorded on a 
chronograph by an electrical contact. Different observers, 
entirely unskilled and ignorant in the use of the instrument, 
were invited to look into it and to determine the quadrant and 
section in which the star appeared and disappeared. 
^ I have momentarily mislaid my notes containing in full 
detail the results of four observers but I can summarize them 
approximately by saying that after being simply told what to 
note ; the average probable error (that is, for any single 
observation) was rather less than one-twentieth of a second. As 
far as I can judge from the limited number of instances, the 
younger the observer the better the observation. The worst of 
the observers (the oldest), however, had a probable error con- 
siderably less than one-tenth of a second ; the youngest, a 
probable error of something like one-fortieth of a second, 
which implies, as you will observe, that he not only readily 
noted the quadrant and the subdivisions of the quadrant, but, 
also as a rule, even the part of the subdivision in which the 
star was first seen. None of these observers had so much as 
one hour's practice. 
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The plan in question is easily adapted to meridian observa-; 
tions, but for these we have numerous plans for correcting 
personal equation, and the writer may also direct attention 
to the fact of the existence of a distinct device (this Journal, . 
July, 1877) which practically eliminates the personal error 
in the very S,ct of a transit observation. It is more elab- 
orate than the present one, which is so simple that it may 
be useful even in longitude work with the transit, though its 
proper field seems to be the observation of sudden events ; but, 
to ■^hatever purpose it is applied, I beg leave to present it to 
your attention less for any interest that attaches to the partic- 
ular mechanism exhibited than as an illustration of a principle 
which seems to me to have not been employed before, at least 
in this way, and which I trust may have useful applications. 
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BIOGRAPHICAL MEMOIR OF GEORGE BROWN GOODE. 



George Brown Goode was born at New Albany, Indiana, on 
February 13, 1851, and died at his home in Washington on 
September 6, 1896, after a life of forty-five years, than which few 
human lives have ever been better filled. 

In those years he won the warm affection of a wide circle of 
friends and the trust and confidence of a multitude of subordi- 
nates in the position to which his own abilities had carried him. 
He interested himself and interested others in ever-widening 
circles of research, and such varied work that it seemed to those 
who knew what he was doing, incomprehensible that one man 
could accomplish so much in one single life ; and when this 
came to an end its cessation was like the loss of a part of them- 
selves to those who knew him best, by whom he is remembered 
with an affection which men rarely gain from one another. 

He was the son of Francis Collier Goode and Sarah Woodruff 
Crane. The Goode family trace their ancestry in this country 
to John Goode, of Whitby, who settled in Virginia prior to 1661.* 

While still settled in Virginia, many members of the Goode 
family went to the South and West to do pioneer work in build- 
ing up villages and towns on what was then the outskirt of 
civilization. 

Dr. Goode's father, Francis Collier Goode, was born in Waynes- 
ville, Ohio, and was a merchant in Ohio and Indiana. In 1857 
he retired from business, removing to Amenia, New York ; subse- 
quently to Middletown, Connecticut, and later to Arlington, 

* The history of this family has been carefully traced by Dr. Goode in 
"Virginia Cousins: A Study of the Ancestry and Posterity of John 
Goode, of Whitby, a Virginia Colonist of the Seventeenth Century, with 
notes upon related families, a key to southern genealogy and a history of 
the English surname Gode, Goad, Goode, or Good from 1148 to 1887, by 
G. Brown Goode, with a preface by R. A. Brock, Secretary of the Vir- 
ginia and Southern Historical Societies. Richmond, Virginia, J. W. 
Randolph & English," MDCCOLXXXVIl. 

[3) 
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Florida, and occasionally spent winters in the Bermudas, Ten- 
nessee, North Carolina, Virginia, and Washington city. 

His mother, Sarah Woodruff Crane, was a descendant of Jasper 
Crane, who came to New England during the first ten years of 
the first settlement, and was one of the pioneers of Newark, New 
Jersey. 

Dr. Goode was thus of sturdy American parentage on both 
sides, numbering among his ancestors the founders of the Vir- 
ginia, Massachusetts, Connecticut, and New Jersey colonies. The 
family was singularly free from foreign mixture, not 10 per cent, 
of the marriages among the numerous descendants having been 
with persons whose ancestors came to America later than 1725.* 

He passed his early childhood in Cincinnati and his later child- 
hood and early youth in Amenia, New York, where he was pre- 
pared for college by private tutors. His father was a man of 
studious habits and not devoid of an interest in science. He 
had assembled in his library a set of the Smithsonian Reports, 
which young Goode read as a boy. It was through these volumes 
that he was first attracted to science and to the Smithsonian In- 
stitution, his boyish ambition being to become connected with it 
and to study under Professor Baird. 

He entered Wesleyan University at Middletown, Connecticut, 
in 1866, and was graduated in 1870. Although scarcely more 
than fifteen when he entered college and a little over nineteen 
years of age at the time of his graduation, being the youngest 
member of the class, his work in the studies of the natural his- 
tory group was so satisfactory as to attract the favorable notice 
of his teachers. The years at Middletown foreshadowed the 
strong love for nature, the museum interest, ability in classifica- 
tion, and even the literary talent, which were the distinguishing 
features of all Dr. Goode's later career. 

When he went to college his father removed to Middletown 
and became a neighbor to Orange Judd, the pioneer of agricult- 
ural journalism in this country and closely identified with the 
advancement of scientific agriculture. There sprang up between 
the daughter of Mr. Judd and young Goode a friendship which 
ripened into love and resulted in their marriage, of which I speak 
here because Dr. Goode himself felt that the friendship with 

* " Virginia Cousins," p. xiv. 
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Mr. Judd, thus brought about through his daughter, had the 
largest share in determining his future career. The two young 
people had similar tastes in natural history and outdoor life. As 
early as 1869 Dr. Goode commenced to record in the " College 
Argus " and the " College Review " his outdoor rambles. He was 
at this time a young man of stout frame and vigorous health, 
engaging in all of the athletic sports known to college students 
of that day. 

In 1870 he entered Harvard University as a post-graduate 
student under Professor Louis Agassiz, whose genial influence he 
glowingly describes in his youthful letters. 

Mr. Judd had presented to Wesleyan University a building, 
known as the Orange Judd Hall of Natural Science. This 
building was in progress of erection during Mr. Goode's student 
years and was dedicated in the commencement week of 1871. 
" Before that time," says Professor Rice, " the natural history 
collections of Wesleyan University were scattered in several 
buildings, very imperfectly labeled and arranged, and mostly 
inaccessible to students or visitors. The spacious rooms in Judd 
Hall first gave the opportunity to arrange and display these 
collections in such manner as to give them the dignity of a 
museum." The work which Dr. Goode had done while a student 
under Professor Agassiz caused an invitation to be extended 
to him to undertake the arrangement of this collection, and in 
1871, when but a little over twenty, he was given the title of 
Curator of the Museum, and undertook the installation of the 
collections. It was in this work that he "first showed that 
genius for museum administration which he was destined after- 
ward to display in the larger field." He retained his official 
connection with Middletown until 1877, although the greater part 
of these years was spent either in Washington or in the field. 
During a portion of this time, although -absent from Middle- 
town, he received a salary from Wesleyan University and was 
allowed in exchange to send to the Museum duplicates of natural 
history specimens in the Smithsonian Institution, as well as the 
duplicates of the collections which he made. He always re- 
tained a strong feeling of affection for his alma mater, and 
founded the Goode prize, intended to stimulate an interest in 
biologic studies. He was one of the editors of the 1873 and 1883 
editions of the Alumni Record of Wesleyan University, and re- 
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ceived the honorary degree of Doctor of Laws from that institu- 
tion in 1893. 

Dr. (Joode's mother died in his infancy, and he found in his 
father's second wife an affectionate and sympathetic helper, who 
was a strong believer in the possibility of his future scientific 
career. To her he owed his introduction to Professor Baird, 
whom he first saw at Eastport, Maine, in 1872, and this meeting 
was the turning point of his professional life. Through it he 
not only got the larger opportunities for natural history work 
afforded by the Fish Commission and the Smithsonian Institu- 
tion, but Professor Baird singled him out almost from the first as 
his chief pupil, his intimate friend, his confidential adviser, and 
his assistant in all the natural history work in which he was 
engaged. The splendid advantages which Professor Baird ac- 
corded his young friend were repaid by an intense devotion. 

Mr. Goode said once that he could lay down his life for such a 
man, and indeed he almost did so, for his originally robust health 
was impaired by this devotion to Professor Baird's service, par- 
ticularly at the Philadelphia Exposition of 1876, which he left 
invalided, and the effects of his overwork in which left him a 
weaker man through his after life. The death of Professor Baird 
in 1887 affected him so deeply that it was not until 1895 that he 
was once heard to say that he had but just recovered from the loss. 

He became in 1872 a volunteer in the United States Fish Com- 
mission, the year after the organization of that bureau, and he 
continued this work, making collections in 1872 at Eastport, 
Maine, in 1873 in Casco bay, and in 1874 at Noank, on Long 
Island sound. The years from 1872 to 1878 show collections of 
fishes made by him at the points named, as well as in Bermuda, 
Florida, Connecticut, and other places. Nearly twenty papers 
and articles relating to the Fish Commission and to fisheries 
appeared from his pen during the first four years of this volun- 
tary association with the Fish Commission. He was interested 
not only in the scientific side of ichthyological work, but devoted 
great attention to the economic side. It was in 1877 that he 
found his first specimen of a deep-sea fish and laid the founda- 
tion of the studies which culminated in the splendid memoir on 
" Oceanic Ichthyology " by himself and Dr. Bean. During these 
years with Professor Baird he became experienced in all the work 
of the Fish Commission, and upon his death was appointed Com- 
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missioner of Fisheries by the President. The position up to this 
time had been an honorary one, but Mr. Goode informed Presi- 
dent Cleveland that the work had grown to such an extent that 
it was not possible for any person who was actively engaged in 
the Smithsonian Institution or elsewhere to continue it. Presi- 
dent Cleveland urged him several times to permanently accept 
the position of Commissioner of Fisheries, and the Committee 
on Appropriations of Co ogress had provided a salary which was 
larger than the one which Mr. Goode was receiving or ever did 
receive, but he resolutely declined, asserting that his life's am- 
bition had been to become associated with the Smithsonian Insti- 
tution; that his heart was in the Museum, and that he could 
not give it up. As related to his work in the Fish Commission, 
the facts may be mentioned that in 1877 he was employed by 
the Department of State on statistical work in connection with 
the Halifax Commission, and in 1879 and 1880 he was in charge 
of the Fisheries Division of the Tenth Census. His administra- 
tive abilities were strongly brought out in the organization of 
this work. Professor Henry F. Osborn describes his method as 
follows : '■ Special agents were sent out to every part of the coast 
and to the Great Lakes to gather information. Goode worked 
at it himself on Cape Cod and manifested the same enthusiasm 
as in every other piece of work he took up. He interested him- 
self in getting together a collection representing the methods of 
the fisheries and the habits of the fishermen. Neglecting neither 
the most trivial nor important objects, branching out into every 
collateral matter, he showed his grasp both of principles and of 
details." He was United States Commissioner to the Interna- 
tionale Fischerei Ausstellung in 1880 at Berlin and to the Inter- 
national Fisheries Exposition held at London in 1883. From 
circular order No. 139, issued by Commander J. J. Brice, United 
States Commissioner of Fish and Fisheries, I extract the follow- 
ing sentences : " Dr. Goode is best known for his researches and 
publications on the fishes and fisheries of the United States, on 
which subjects he came to be recognized as the leading authority. 
. . . He has been one of the most fruitful and valued con- 
tributors to the reports and bulletins of the Fish Commission, 
and in his death the fishing interests of the country have sus- 
tained a severe loss." 
As I have before said, his connection with the Smithsonian 
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Institution followed shortly after the acquaintance with Professor 
Baird, who invited him to spend the winter of 1873 in Wash- 
ington for the purpose of arranging the ichthyological specimens 
and with the understanding that as a payment for this service 
he was to be allowed to select duplicates for the museum at 
Middletown. At that time he had the title of Assistant Curator, 
which was later changed to Curator, and, although the relations 
to Middletown continued, the ties with the Institution were be- 
coming stronger and stronger. He now met Professor Henry 
for the first time, and became one of the small coterie of Smith- 
sonian men who at that time lived in the Smithsonian building 
and formed a part of the hospitable household which Professor 
Henry maintained. In these early days the staff was an ex- 
tremely small one, being only thirteen persons, including hon- 
orary collaborators and subordinates. Dr. Goode threw himself 
into this work with uncalculating devotion. Professor Baird's 
duties were becoming more and more numerous, and after he 
became Secretary of the Institution Dr. Goode took the Museum 
work upon his willing shoulders. In 1881, when the new 
Museum building was completed and the United States National 
Museum really organized, Mr. Goode, then thirty years of age, 
was made Assistant Director. In that year he prepared a cir- 
cular, known as Circular No. 1 of the National Museum, which 
set forth a scheme of administration for the Museum so compre- 
hensive in its scope, so exact in its details, so practical in its 
ideas that it is with but few modifications still the guide for the 
Museum staff. On January 12, 1887, Professor Baird, whose 
health was then failing, appointed Mr. Goode as Assistant Sec- 
retary of the Smithsonian Institution in charge of the National 
Museum, and from that time until his death he had the fullest 
charge of the entire administration of the Museum. 

It is hard to say whether Mr. Goode was best known as a 
museum director or a naturalist. I of course had more occasion 
to see his work from the administrative side. It would be im- 
possible to understand his success in this field without thinking 
of the character of the man, and here I may repeat what I have 
said elsewhere, that if there was one quality more than another 
which formed the basis of his character it was sincerity — a sin- 
cerity which was the ground of a trust and confidence such as 
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could be instinctively given even from the first only to an abso- 
lutely loyal and truthful nature. 

I do not know whether a power of reading character is more 
intuitive or acquired, but at any rate, without it men may be gov- 
erned, but not in harmony, and must be driven rather than led. 
Dr. Goode was in this sense a leader, quite apart from his scien- 
tific competence. Every member of the force he controlled, not 
only among his scientific associates, but down to the humblest 
employes of the Museum, was an individual to him, with traits 
of character which were his own and not another's, and which 
were recognized in all dealings, and in this I think he was pecu- 
liar, for I have known no man who seemed to possess this sym- 
pathetic insight in such a degree, and certainly it was one of the 
sources of his strength. 

I shall have given, however, a wrong idea of him if I leave 
any one under the impression that this sympathy led to weak- 
ness of rule. He knew how to say " no," and said it as often as 
any other, and would reprehend, where occasion called, in terms 
the plainest and most uncompromising a man could use, speak- 
ing so when he thought it necessary, even to those whose asso- 
ciation was voluntary, but who somehow were not alienated as 
they would have been by such censure from another. " He 
often refused me what I most wanted," said one of his staff to 
me ; " but I never went to sleep without having in my own mind 
forgiven him." 

I have spoken of some of the moral qualities which made all 
rely upon him and which were the foundation of his ability to 
deal with men. To them was joined that scientific knowledge 
without which he could not have been a Museum administrator ; 
but even with this knowledge he coiild not have been what he 
was, except from the fact that he loved the museum and its ad- 
ministration above every other pursuit, even, I think, above his 
own special branch of biological science. He was perhaps a man 
of the widest interests I have ever known, so that whatever he 
was speaking of at any moment seemed to be the thing he knew 
best. It was often hard to say, then, what love predominated ; 
but I think that he had, on the whole, no pleasure greater than 
that in his Museum administration, and that, apart from his 
family interests and joys, this was the deepest love of all. He 
refused advantageous offers to leave it, though I ought to grate- 
2 
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fully add, that here his knowledge of my reliance upon him and 
his unselfish desire to aid me were also among his determining 
motives in remaining. They were natural ones in such a man. 

What were the results of this devotion may be comprehen- 
sively seen in the statement that in the year in which he was 
first enrolled among the officers of the Museum the entries of 
collections numbered less than two hundred thousand, and the 
staff, including honorary collaborators and all subordinates, 
thirteen persons, and by comparing these early conditions with 
what they became under his subsequent management. 

Professor Baird at the first was an active manager, but from 
the time that he became Secretary of the Institution he de- 
volved more and more of the Museum duties on Dr. Goode,who 
for nine years preceding his death was in practically entire 
charge of it. It is strictly within the truth, then, to say, that the 
changes which have taken place in the Museum in that time are 
more his work than any other man's ; and when we find that 
the number of persons employed has grown from thirteen to over 
two hundred, and the number of specimens from two hundred 
thousand to over three million, and consider that what the Mu- 
seum now is, its scheme and arrangement, with almost all which 
make it distinctive, are chiefly Dr. Goode's, we have some of the 
evidence of his administrative capacity. He was fitted to rule 
and administer both men and things, and the Museum under 
his management was, as some one has called it, "A house full of 
ideas and a nursery of living thought." 

" His success of administration," says Professor Osborn, " also 
came partly from an instinctive knowledge of human nature. 
. . . He sought out the often-latent best qualities of the men 
around him and developed them. When things went out of 
joint and did not move his way, he waited with infinite patience 
for the slow operation of time and common sense to set them 
right. He was singularly considerate of opinion, . . . fer- 
tile of original ideas and suggestions, full of invention and of 
new expedients, studying the best models at home and abroad, 
but never bound by any traditions of system or of classification. 
. . . To all his work also he brought a refined artistic taste, 
shown in his methods of printing and labeling, as well as in 
his encouragement of the artistic, and therefore the truthful 
and realistic development of taxidermy in the arrangement of 
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natural groups of animals. To crown all, like Baird he entered 
into the larger conception of the wide-reaching responsibilities 
of his position under the Government, fully realizing that he was 
not at the head of a university or of a metropolitan museum, but 
of the Museum of a great Nation. Every reasonable request from 
another institution met a prompt response. . . . Not the 
advancement of Washington science, but of American science, 
was his dominating idea." 

There was no subject in connection with the administration of 
the Museum to which he did not at some time or other give his 
personal attention. He had a quick eye for color and for form, 
understood the art of decorating and case-building, and had be- 
sides a special knowledge of subjects so widely remote from his 
own biologic interests that it is a question whether a new species 
or a new musical instrument gave him the greater pleasure. So 
fully could I rely on his judgment in all things, that even in 
matters not connected with the Museum I frequently sought the 
benefit of his advice, and this was sure to be sound, whether it 
related to the typography or paper of a new volume of the pub- 
lications, or to some weighty question of policy. It is difficult 
to single out from among the manifold matters relating to the 
Institution proper which were confided to him one single thing. 
I cannot, however, but recall the fact that he seemed to me, both 
because of the soundness of his judgment and the wide domain 
of science with which he was acquainted, the fittest person to 
place in charge of the Hodgkins award made two years ago. To 
this entire work, from the time of Mr. Hodgkins' gift, down to 
the closing of the award, Mr. Goode gave unremitting and zeal- 
ous attention, having served as chairman both of the preliminary 
committee and the committee on award. 

The field of natural history, of antiquities, of art, of books, is 
so vast that a mere assemblage of objects, of books, of prints, of 
engravings, is not in itself significant. Collecting is an art which 
many essay but few attain. Mr. Goode was eminently a col- 
lector. As early as 1872 we find him collecting the fishes of the 
Bermudas, which he worked up in a catalogue, giving in each 
case, in addition to characteristics previously noted, descriptions 
of the colors of the fishes while living, notes on the size and pro- 
portions, observations of habits, hints in reference to the origin 
and meaning of their popular names, and notes upon modes of 
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capture of economic value. The same careful methods of collec- 
tion he followed in the subsequent expeditions which he under- 
took in the field. It was not alone in natural history, however, 
that this talent for collecting displayed itself. Every possible 
sort of specimen or information which was at hand he collected. 
He would bring back from every exposition which he attended 
methodical collections, frequently of materials overlooked by 
others. Every visit to a foreign country resulted in the bringing 
back of a collection, not of miscellaneous objects, but of a series 
which could themselves be placed on exhibition. These might 
be musical instruments, ecclesiastical art, early printed books, 
medals, or ivories, and the same taste and discrimination and 
good judgment were displayed in their selection. He collected, 
however, not only objects, but also words and ideas. From the 
assembling of the common names of plants and animals in 
America, there grew a large collection of Americanisms, probably 
larger than any single collection published. Portraits of scien- 
tific men. portraits of Washington and Jefferson, autographs, Con- 
federate imprints, Americana, Arlierican scientific text-books — 
these are but a few of the fields in which Dr. Goode collected. 

He was a naturalist in the broadest sense of that word, follow- 
ing in the footsteps of Agassiz and Baird " He had," says Dr. 
Gill, " acquaintance with several classes of the animal kingdom, 
and especially with the vertebrates. He even published several 
minor contributions on herpetology, the voice of Crustacea, and 
other subjects. . . . The flowering plants also enlisted much 
of his attention, and his excursions into the fields and woods were 
enlivened by knowledge of the subjects he met with." " The 
designation naturalist," says Professor Osborn, " was one which 
Goode richly earned and which he held most dear, and our deep 
sorrow is that his activity as naturalist extended only over a 
quarter of a century." . . . "As a naturalist, Goode did not 
close any of the windows opening out into Nature. His broad 
spirit in public affairs displayed itself equally in his methods of 
field and sea work and in the variety of his observations and 
writings. While fishes became his chief interest, he knew all the 
eastern species of birds after identifying and arranging the col- 
lection in his college museum . He loved plants, and in the later 
years of his life took great pleasure in the culture of the old- 
fashioned garden around his house. . . . Many of his briefer 
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papers deal directly with the biological problems which attracted 
his interest, especially among reptiles and fishes, touching such 
questions as migration, coloring, albinism, mimicry, parasitism, 
feeding and breeding habits, the relation of forest protection to 
the protection of fishes." 

Perhaps no one can be a " naturalist " in the larger sense with- 
out being directly a lover of Nature and of all natural sights and 
sounds. One of his family says, " He taught us all the forest, 
trees, their fruits and flowers in season, and to know them when 
bare of leaves by their shapes ; all the wayside shrubs, and even 
the flowers of the weeds ; all the wild birds and their notes, and 
the insects. His ideal of an old age was to have a little place 
of his own in a mild climate, surrounded by his books for rainy 
days, and friends who cared for plain living and high thinking, 
with a chance to help some one poorer than he." He was a lov- 
ing and quick observer, and in these simple, natural joys, his 
studies were his recreations, and were closely connected with his 
literary pursuits. 

He was of course first and foremost an ichthyologist, and this 
through no lack of sympathy with the larger field, but because 
of the recognition of the fact that the larger field could not be 
successfully covered by one man. 

His adherence to this subject as a specialty was undoubtedly 
determined by his long and intimate connection with the Fish 
Commission during the period of greatest advancement in nieth- 
ods of deep-sea exploration, the rich collections of fishes derived 
from that source being placed at his command. The novelties 
of structure and environment presented by this material, ever 
increasing as the work progressed, proved an attraction too strong 
to be resisted, even in the face of his varied official duties, and 
caused him to become distinctively a student of the marine forms. 

His observations were not confined to any single branch of 
the subject, but were given the widest latitude that his time per- 
mitted. He was the discoverer of many new and strange species 
and an acknowledged authority on classification, but he took 
perhaps the greatest interest in questions regarding the geo- 
graphical and bathymetrical distribution of fishes, a field in 
which his opportunities for investigation had been unexcelled. 
The color of fishes had also been a favorite study with him, and 
he had paid attention to many points in their morphology and 
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in the functions of special organs. He was especially well versed 
in the literature of ichthyology from the earliest times, and, after 
Professor Baird, was the most eminent exponent in this country 
of the benefits to be secured to the practical fisheries through 
the application of scientific teachings. 

Dr. Gill in reviewing his scientific career said : "A ' Catalogue 
of the Fishes of the Bermudas,'^ published in 1876, furnished 
additional evidence of knowledge of the literature of his subject 
and ability to use it to advantage in the discussion of mooted 
questions, and it also evinced his power of observation. 

" In the same year, 1876, appeared another work which to a 
still greater degree rendered manifest those same mental char- 
acteristics. The work was only a catalogue, but perhaps from 
no other publication can some intellectual qualities be so readily 
and correctly gauged by a competent judge as an elaborate cata- 
logue. Powers of analysis and synthesis, and the ability to weigh 
the relative values of the material at hand, may make a ' mere 
catalogue ' a valuable epitome of a collection and of a science. 
Such a production was the ' Classification of the Collection to 
illustrate the Animal Resources of the United States,' f a work 
of 126 pages. Three years later this catalogue served as the 
basis for and was elaborated and expanded into a large ' Cata- 
logue of the Collection to illustrate the Animal Resources and 
the Fisheries of the United States, 'f a volume of 351 pages. 

' Catalogue of the Fishes of the Bermudas, based chiefly on the collec- 
tions of the United States National Museum. . . . Washington : Gov- 
ernment Printing Office, 1876 (8°, pp. (2) 1-82, Bulletin United States 
National Museum, No. 5). 

t International Exhibition, 1876. Board in behalf of United States 
Executive Departments. Classification of the Collection to illustrate the 
Animal Eesources of the United States: A list of substances derived 
from the animal kingdom, with synopsis of the useful and injurious ani- 
mals and a classification of the methods of capture and utilization. 
. . . Washington: Government Printing Office, 1876 (8°, pp. 126, a 
Second edition with supplementary title as Bulletin No. 6, United States 
National Museum). 

t International Exhibition, 1876. Catalogue of the Collection to illus- 
trate the Animal Resources and the Fisheries of the United States, ex- 
hibited at Philadelphia in 1876 by the Smithsonian Institution and the 
United States Fish Commission, and forming a part of the United States 
National Museum. . . . Washington : Government Printing Office, 
1879 (8°, pp. 351 (1), Bulletin United States National Museum, No. 14). 
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These catalogues were for the tentative and adopted arrangement 
of material exhibited by the Smithsonian Institution and the 
United States Fish Commission at the ' International Exhibi- 
tion, 1876.' 

" It was the ability that was manifested in these catalogues 
and the work incidental to their preparation that especially ar- 
rested the attention of Professor Baird and marked the author 
as one well adapted for the direction of a great museum. For 
signal success in such direction special qualifications are requi- 
site. Only some of them are a mind well trained in analytical 
as well as synthetic methods, an artistic sense, critical ability, 
and multifarious knowledge, but above all, the knowledge of men 
and how to deal with them. Perhaps no one has ever combined 
in more harmonious proportions such qualifications than G. 
Brown Goode. In him the National Museum of the United 
States and the world at large have lost one of the greatest of 
museum administrators. 

"As a naturalist, the attention of Dr. Goode was especially 
directed to and even concentrated on the fishes. His memoirs, 
contributed mostly to the Proceedings of the United States Na- 
tional Museum, were numerous and chiefly descriptive of new 
species. (For many of these he had as a collaborator Dr. Tar- 
leton Bean, then the curator of fishes of the United States Na- 
tional Museum.) Some of the memoirs, however, dealt with 
special groups, as the Menhaden (1879), Ostraciontidse (1880), 
Carangidee (1881), the Swordfishes (1881), and the Eel (1882). 
His monograph of the Menhaden {Brevoortia tyrannus), contrib- 
uted originally to the Report of the United States Commissioner 
of Fisheries* and then published as a separate work f — a large 
volume of nearly 550 pages and with 30 plates — is a model of 
critical treatment of information collected from all quarters ; but 

*The Natural and Economical History of the American Menhaden. 
In Report United States Commission of Fish and Fisheries, part V, 1879, 
Appendix A, pp. 1-529, pis. i-xxxi (xxx canceled), pp. 194-267 by Pro- 
fessor W. 0. Atwater. 

fAmerican Fisheries : A History of the Menhaden, by G. Brown Goode, 
with an account of the Agricultural Uses of Fish by W. 0. Atwater . . . 
And an introduction, bringing the subject down to date. Thirty plates. 
New York: Orange Judd Company, 1880 (8°, pp. x (i), iii-xii, 1-529 (1), 
31 pis., pi. 30 canceled). 
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his most important contributions were published as official Gov- 
ernment reports and were the results of investigations especially 
undertaken for such reports. Especially noteworthy were the 
volumes comprising the results of the Census of 1880. 

" The 1880 Census was planned and carried out on an unusual 
scale. For the fisheries the United States Commission of Fish 
and Fisheries cooperated, and Dr. Goode had general charge of 
the entire work. The assistants and special agents were conse- 
quently selected with judgment, and the results were very valu- 
able. The huge mass of statistics was digested and condensed 
in seven large quarto volumes, representing five sections sepa- 
rately devoted to special branches of the subject.* 

" Dr. Goode's cares were mainly concentrated on the first sec- 
tion, treating of the ' Natural History of Aquatic Animals,' which 
was discussed in over 900 pages of text and illustrated by 277 
plates. This work was by far the mose complete survey of the 
economical fishes of the country that had ever appeared, and 
has since been the mOst prized ; it led to another. 

"After the appearance of the census volumes, Dr. Goode was 
urged to prepare a work for popular use. His consent to do so 
was followed by a volume, entitled 'American- Fishes, a popular 
treatise upon the game and food fishes of North America,' f pub- 
lished by the Standard Book Company of New York. Inasmuch 
as none of the previous popular works on the American fishes 
had emanated from men of scientific eminence, it scarcely need 
be added that the new work had no rival in the field, so far as 
accurate information and details of habits were involved. 

"A short time previously Dr. Goode had also prepared the text 
to accompany a series of twenty large folio colored portraits by 

* The Fisheries and Fishery industry of the United States. Prepared 
through the cooperation of the Commissioner of Fisheries and the Super- 
intendent of the Tenth Census. JBy George Brown Goode, Assistant Di- 
rector of the United States National Museum, and a staff of associates. 
Washington : Government Printing Office, 1884 (-1887, 5 sections in 7 
volumes). "Section 1, Natural History of Aquatic Animals," was mainly 
prepared by Dr. Goode. 

fAmerican Fishes : A popular treatise upon the game and food fishes 
of North America, with especial reference to habits and methods of cap- 
ture, by G. Brown Goode, with numerous illustrations. New York: 
Standard Book Company, 1888 (8°, xvi + 496 pp., colored frontispiece). 
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an eminent artist, Mr. S. A. Kilbourne, of the principal 'Game 
Fishes of the United States.'* 

" Never had investigations of the deep sea been conducted with 
such assiduity and skill as during the last two decades. The 
chief honors of the explorations were carried off by the British 
and American Governments. As the fishes obtained by the ves- 
sels of the United States Fish Commission were brought in they 
were examined by Dr. Goode (generally in company with Dr. 
Bean) and duly described. At length Drs. Goode and Bean 
combined together data respecting all the known forms occur- 
ring in the abysmal depths of the ocean, and also those of the 
open sea, and published a resume of the entire subject in two 
large volumes entitled ' Oceanic Ichthyology.' f 

" This was a fitting crown to the work on which they had been 
engaged so long, and the actual publication only preceded Dr. 
Goode's death by about a fortnight. 

" But the published volumes did not represent all the work of 
Dr. Goode on the abyssalian fishes. He had almost completed 
an elaborate memoir on the distribution of those fishes, and, con- 
trary to the conclusions of former laborers in the same field, had 
recognized for them a number of different faunal areas.. It is to 
be hoped that this may yet be given to the world. 

" Morphological and descriptive ichthyology were not culti- 
vated to the exclusion of what is regarded as more practical 
features. In connection with his official duties as an officer of 
the United States Fish Commission he studied the subject of 
pisciculture in all its details. Among his many contributions 
to the subject are one on ' The First Decade of the United States 
Commission, its plan of work and accomplished results, scien- 

* Game Fishes of the United States, by S. A. Kilbourne ; text by 
G. Brown Goode. New York : Published by Charles Scribner's Sons, 
1879-1881. (Folio, 46 pp., 20 plates, and map, published in ten parts, each 
with 2 plates, lithographs in water color, and four-page folio of text.) 

t Smithsonian Institution. United States National Museum. Special 
bulletin. Oceanic Ichthyology : A Treatise on the Deep-sea and Pelagic 
Fishes of the World, based chiefly upon the collections made by the 
steamers Blake, Albatross, and Fish Hawk in the Northwestern Atlantic, 
with an atlas containing 417 figures, by George Brown Goode, Ph. D., 
LL. D., and Tarleton 11. Bean, M. D., M. S. Washington: Government 
Printing Office, 1895, 2 vols., 4°; I, xxxv -|- 26, 553 pp.; II, xxiii -)- 26 
pp., 123 pi. 
3 
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tific and economical ' (1880), another treating of the ' Epochs 
in the History of Fish Culture' (1881), and two encyclopsedic 
articles ' The Fisheries of the World ' (1882), and 'the one enti- 
tled ' Pisciculture,' in the Encyclopedia Britannica (1885)." 

" The great work of his life, ' Oceanic Ichthyology,' " says Dr. 
Jordan, " was, however, written during the period of his director- 
ship of the National Museum, and it was published but a month 
before his death. Almost simultaneously with this were other 
important publications of the National Museum, which were his 
also in a sense, for they would never have been undertaken ex- 
cept for his urgent wish and encouragement. If a personal word 
may be pardoned, ' The Fishes of North and Middle America,' 
which closely followed ' Oceanic Ichthyology,' would never have 
been written except for my friend's repeated insistance and 
generous help. 

" The first recorded scientific paper of Dr. Goode is a note* on 
the occurrence of the bill-fish in fresh water in the Connecticut 
river. The next is a critical discussion of the answers to the 
question, ' Do snakes swallow their young ? ' In this paper he 
shows that there is good reason to believe that in certain vivipa- 
rous snakes the young seek refuge in the stomach of the mother 
when frightened, and that they come out unharmed when the 
reason for their retreat has passed. 

" The first of the many technical and descriptive papers on 
fishes was the ' Catalogue of the Fishes of the Bermudas,' f pub- 
lished in 1876. This is a model record of field observations and 
is one of the best of local catalogues. Dr. Goode retained his 
interest in this outpost of the great West Indian fauna, and from 
time to time recorded the various additions made to his first 
Bermudan catalogue. 

"After this followed a long large number of papers on fishes, 
chiefly descriptions of species or monographs of groups. The 
descriptive papers were nearly all written in association with his 
excellent friend, Dr. Tarleton H. Bean, then curator of fishes in 
the National Museum. 

" In monographic work Dr. Goode took the deepest interest, 
and he delighted especially in the collection of historic data con- 

* American Naturalist, vol. v, p. 487. 

t Bulletin No. 5, United States National Museum. 
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cerning groups of species. The quaint or poetical features of 
such work were never overlooked by him. Notable among these 
monographs are those of the Menhaden, the Trunk-fishes, and 
the Sword-fishes. 

" The economic side of science also interested him more and 
more. That scientific knowledge could add to human wealth 
or comfort was no reproach to him. In his notable monograph 
of the Menhaden* the economic value as food or manure of this 
plebeian fish received the careful attention which he had given 
to the problems of pure science. 

" Dr. Goode's power in organizing and coordinating practical 
investigations was shown in his monumental workf on the 
American Fisheries for the Tenth Census, 1880. The work of 
the record of the fisheries and associated marine industries was 
placed in his hands by Francis A. "Walker, Superintendent of 
the Census. Under Dr. Goode's direction skilled investigators 
were sent to every part of the coast and inland waters of the 
country." 

His "American Fishes," a popular treatise upon the game and 
food fishes of North America, published in 1888, is deserving of 
a special mention both because of the charming literary style in 
which it is written as well as its scientific accuracy and excel- 
lence. The wealth and aptness of the chapter headings of this 
book show that Mr. Goode's wide reading was associated with 
everything which could illustrate his science on the literary side. 
He had a knowledge of everything even remotely connected 
with his ichthyological researches from St. Anthony's " Sermon 
to Fishes " to the literature of fish cookery, while in one of his 
earliest papers, written at nineteen, his fondness for Isaac Walton 
and his familiarity with him are evident. 

While never claiming the title of anthropologist, he was yet a 
close student of the anthropological and ethnological work in 
this country and abroad, and it is not too much to say that no 
professional anthropologist had a higher ideal of what his science 

* "The Natural and Economical History of the American Menhaden." 
In Eeport of United States Commission of Fish and Fisheries, part 5. 
Washington, 1879. 

t"The Fisheries and Fishery Industry of the United States." Pre- 
pared through the cooperation of the Commissioner of Fisheries and the 
Superintendent of the Tenth Census. Washington, 1884, 
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might come to be or exercised a more discriminating criticism 
on its present methods and conditions than did Dr. Goode. He 
was, moreover, not only interested in the biological problems of 
the anthropologist, but in technology and the history of art ; the 
history of human invention and archaeology were equally in his 
mind, and his suggestiveness in each of these fields could be 
attested by all of the anthropologists with whom he came in 
contact. 

" It would be difficult," says Professor Mason, " to find among 
those who are professional anthropologists a man who had a 
more exalted idea of what this science ought to be. There is not 
perhaps another distinguished scholar who has endeavored to 
collect into one great anthropological scheme all of the knowledge 
of all men in all ages of the world and in all stages of culture." 

Dr. Goode was peculiarly related to the management of expo- 
sitions and did more than any other person in America to engraft 
upon them museum ideas and widen their scope from the merely 
commercial and industrial to the educational and scientific. 

His first experience in this field was in 1876, at the Centennial 
Exhibition held in Philadelphia. Professor Baird was in charge 
of the exhibits of the Smithsonian Institution and Fish Com- 
mission, and being much occupied at the time with other matters, 
the greater part of the installation and other work connected 
with the exhibit was placed under the immediate supervision of 
Mr. Goode. The work done by the Smithsonian and Govern- 
ment Departments at this exhibition was pioneer work, it being 
the first international exhibition in which the United States 
Government was engaged. It is not too much to say that the 
arrangement of the Smithsonian exhibit at Philadelphia was the 
model on which all subsequent exhibits of the kind were based, 
and that the classification, the installation, and the arrangement 
have had a lasting influence on exhibition work everywhere. 
But every administrative activity of this sort was sure to result 
in some literary product, so that we find in 1876 Mr. Goode 
published ''A Classification of the Collections to illustrate the 
Animal Resources of the United States : A list of substances de- 
rived from the animal kingdom, with synopsis of the useful and 
injurious animals, and a classification of the methods of capture 
and utilization." This work was afterwards published in an en- 
larged form as a bulletin of the National Museum. 
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His services as commissioner for the United States Government 
at the Fisheries Exhibition of Berlin in 1880 and London in 
1883 have already been alluded to. These, too, resulted in several 
articles in German and in a bulletin of the Museum, while several 
addresses and papers delivered at the Conferences of the Inter- 
national Fisheries Exhibition in London were published in the 
papers of the conferences, and full reports were made by Dr. 
Goode on his return to this country and published at the Govern- 
ment Printing Office. 

He was the representative of the Smithsonian Institution at 
all the subsequent exhibitions held in this country — Louisville, 
1884; New Orleans, 1885; Cincinnati, 1888 ; Chicago, 1893, and 
Atlanta, 1895 — serving also as a commissioner and for a time 
acting Commissioner General to the Columbian Exposition held 
at Madrid in 1892. 

The exhibits made under his direction were never repetitions. 
Each one contained new material never shown before, and ex- 
hibited the progress of the Institution and Museum, as well as 
the advances made in the arts of taxidermy, installation, and 
labelling. Mr. Goode, too, always bore in mind the local interest, 
and endeavored to show specimens and materials which would 
be instructive to persons residing in the neighborhood of the 
place at which the exposition was held. Thus at Cincinnati 
objects were prominent which related to the Ohio valley, for 
Madrid he prepared an exhibit to illustrate the conditions of 
human and animal life in America at the time of the Spanish 
discovery, whilst at Atlanta especial stress was laid on showing 
the fauna, flora, archaeology, and mineral resources of the south 
Atlantic states. He prepared the report on the Madrid Exposi- 
tion, and at the request of the Government Commission drew up 
a provisional classification for the Chicago Exposition, which, 
while not formally accepted, was used throughout in the ofiicial 
classification, many pages being copied without a change. For 
the Chicago, as well as the Atlanta Exposition, he prepared a 
carefully written catalogue, and for the latter an excellently con- 
densed sketch of the Smithsonian Institution. 

Nowhere were Mr. Goode's administrative talents more strongly 
shown than in an exhibition. The plans of the floor space, the 
cases, the specimens were all carefully arranged in advance. 
Boxes were especially made of lumber which could be utilized 
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for cases or platforms. Cases were marked, and not very long 
before the opening of the exposition the entire mass would be 
deposited on the bare space assigned to the Smithsonian exhibit. 
Usually other exhibitors had their material half arranged by this 
time, and the fear was expressed by sympathetic bystanders that 
the Smithsonian would not be ready. The cases would be un- 
packed and the specimens put in them in whatever position they 
happened to stand, and up to the last day all would seem to be 
in confusion ; but Dr. Goode knew his resources and his men as 
a general knows his army. Suddenly all detailed work would 
come to an end, and in the course of a few hours, as if by magic, 
the entire exhibit would be put in place. He had a pardonable 
pride in this sort of generalship, for whether at Chicago or Atlanta 
it had never failed him, and it earned the highest encomiums at 
Berlin, London, and Madrid. 

Dr. Goode's services at these various expositions were recog- 
nized by diplomas and medals, and from the Spanish government 
he received the order of Isabella the Catholic, with the grade of 
commander. 

I have already spoken of Mr. Goode's administrative qualities 
as shown in hia management of the National Museum ; but his 
contributions to museum administration and the history of mu- 
seums were not confined" to his own work. From all parts of 
America and -even as far distant as Australia his opinion was 
sought with regard to the plans for museum buildings as well as 
on minor matters of installation. All requests for such informa- 
tion and advice were fully answered in minute detail. 

It was into his papers on museums that some of his best 
thoughts went, and it was there that we find epigrammatic state- 
ments which are constantly quoted by all interested in the matter. 

The first paper by him on this subject appeared in the " Col- 
lege Argus" March 22, 1871. It was entitled " Our Museum," 
and was a description of the collection in Judd Hall. This article 
indicated plainly the museum instinct, for it was largely in- 
tended to make known the deficiencies in the collection, and 
pointed out how students and professors could make these good 
on their summer excursions. He also published a guide to this 
museum. 

In 1888 he read before the American Historical Association a 
paper entitled "-Museum History and Museums of History." 
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Here he traced the growth of the museum idea from the begin- 
ning down to the present time, repeating his now oft-quoted 
phrase, "An efficient educational museum may be described as 
a collection of instructive labels, each illustrated by a well selected 
specimen." Atlases of ethnological portraits and works like those 
of Audubon he described as " not books, but museum specimens 
masquerading in the dress of books." 

Even more forcible was a lecture delivered before the Brooklyn 
Institute in 1889, entitled " Museums of the Future." " The 
museum of the past," he wrote, " must be set aside, reconstructed, 
transformed from a cemetery of bric-a-brac into a nursery of 
living thoughts." ..." The people's museum should be 
much more than a house full of specimens in glass cases. It 
should be a house full of ideas, arranged with the strictest at- 
tention to system." ... "A finished museum is a dead 
museum, and a dead museum is a useless museum." 

Most noteworthy, however, was his paper contributed to the 
Museums' Association of Great Britain in 1895, entitled " The 
Principles of Museum Administration." This was a carefully 
prepared codification of " the accepted principles of museum ad- 
ministration," which Mr. Goode hoped would " be the cause of 
much critical discussion." The ideas were presented in the form 
of aphorisms and were exceptionally clear cut, ending with the 
assertion that " the degree of civilization to which any nation, 
city, or province has attained is best shown by the character of 
its public museums and the liberality with which they are main- 
tained." 

This paper was warmly welcomed by museum experts, many 
of whom testified by their letters the interest they had in the 
clear presentation of the principles which should guide the mu- 
seum administrator. At the 1896 meeting of the same Asso- 
ciation Mr. Bather said : " When I read the magnificently ex- 
haustive address by Dr. G. Brown Goode, published in our last 
report, it was manifest that all the ideas I had ever had were 
anticipated in that masterly production ; " whilst an obituary 
note in the same volume says, " His early death is a great loss, 
not only to the United States National Museum, but museums 
in general, for he took a deep and active interest in all things 
affecting their development and well-being." 
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The " Manchester Guardian," September 20, 1896, says : " He 
was a recognized authority on all matters affecting museum ad- 
ministration, and in this capacity he last year wrote a paper on 
the principles of museum management and economy, which was 
brought before the annual Congress of the Museums Association 
at Newcastle, and has since attracted much attention as an ad- 
mirable exposition of the general theory of administration appli- 
cable to museum work in all its branches. It is of interest to 
note that Dr. Goode's definition of a museum is an institution 
for the preservation of those objects which best illustrate the 
phenomena of nature and the works of man, and the utilization 
of these for the increase of knowledge and for the culture and 
enlightenment of the people. In this spirit Dr. Goode worked, 
and he not only achieved much in his own country, but was 
also ever ready to cordially cooperate with foreign kindred in- 
stitutions, especially those in England, for the advancement of 
museum work as a means of education." 

These activities would have been sufficient for an ordinary 
man, but in addition he was the historian of American science. 

In 1886 he delivered, as president of the Biological Society of 
Washington, an address entitled " The Beginnings of Natural 
History in America," tracing it from Thomas Harriott, who came 
to this country in 1585, reciting the scientific labors of Captain 
John Smith, John Ray, Thomas Jefferson, and a host of others. 
The spirit which actuated this address is well illustrated in the 
following paragraphs : " It seems to me unfortunate, therefore, 
that we should allow the value of the labors of our predecessors 
to be depreciated, or to refer to the naturalists of the last century 
as belonging to the unscientific or the archaic period. It has 
been frequently said by naturalists that there was no science in 
America until after the beginning of the present century. This 
is, in one sense, true ; in another, very false. There were then, 
it is certain, many men equal in capacity, in culture, in enthusi- 
asm to the naturalists of today, who were giving careful atten- 
tion to the study of precisely the same phenomena ot nature. 
The misfortune of the men of science in 1785 was that they had 
three generations fewer of scientific predecessors than we." 

This address he followed up by a second, entitled " The Be- 
ginnings of American Science : The Third Century," delivered 
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in 1888, also before the Biological Society. He divided the period 
from 1782 to 1888 into three periods, which he called after the 
names of Jefferson, Silliman, and Agassiz. 

Continuing along this same line, he contributed to the Ameri- 
can Historical Association, in 1890, a paper on " The Origin of 
the National Scientific and Educational Institutions of the 
United States." 

The material contained in these various papers was summed 
up in an unpublished work entitled " What has been done for 
Science in America, 1492-1892," which illustrates in an inter- 
esting way the development of Dr. Goode's mind, for in this 
study as much attention is given to astronomy, physics, and even 
comparative philology as is paid to natjural history. Parallel 
with this work may be mentioned a collection of portraits of 
almost every scientific man of importance mentioned in any of 
these four essays. Besides these, he wrote an article in the 
"Science News," 1878, entitled " The Earliest American Natura- 
list, Thomas Harriott." 

He was greatly interested in American history, a close student 
of the writings of the fathers — more especially of Washington 
and Jefferson — and an enthusiastic investigator of Virginia his- 
tory, for which he had assembled a great mass of original material. 
He was especially interested in the study of institutional history, 
which he thought approximated most nearly to the scientific 
method. It is more than likely that this interest grew out of his 
studies in genealogy, the most splendid result of which is his 
" Virginia Cousins," though a great mass of material, still un- 
published, attests the fact that these genealogical collections were 
intended to cover the South and to serve as a contribution to 
southern history. He relates in the prologue to his " Virginia 
Cousins " that his interest in the Goode family tree was awakened 
in him by his father at the age of twelve. 

The significance of genealogical studies for American history 
he recognizes in the following words : " The time is coming when 
the sociologist and the historian will make an extensive use of 
the facts so laboriously gathered and systematically classified by 
genealogists, and it is probable that this can be better done in 
the United States than elsewhere ; " and again, " One of the ele- 
ments of satisfaction in genealogical study legitimately arises 
from the success of our attempts to establish personal relations 
4 
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with past ages and to be able to people our minds with the 
images of our forefathers as they lived two, three, four hundred 
years ago." 

But there was a scientific interest which attached to this work, 
as well as an historical one, for Dr. Goode was a strong believer 
in heredity, and he was profoundly impressed with the idea 
that man's capabilities and tendencies were to be explained by 
the characteristics of the men and women whose blood flowed 
through their veins. 

This idea, too, is brought out strongly in his biographical 
work, nowhere more strongly than in his biographies of Henry, 
Baird, and Langley (almost the last work he ever did) for the 
Smithsonian Half Century Book, and it is carefully worked out 
in an elaborate plan of a biography of Professor Baird, which 
would probably have been the next literary T^ork he would have 
undertaken had his life been spared. 

He was greatly interested in bibliography, his methods in 
this science being most exact. He published bibliographies of 
Spencer Fullerton Baird, Charles Girard, Philip Lutley Sclater, 
and had under way bibliogjaphies of Theodore Gill and David 
Starr Jordan. "A gigantic work in the same line," says Dr. 
Gill, " had been projected by him and most of the materials 
were collected ; it was no less than a complete bibliography of 
ichthyology, including the names of all the genera and species 
published as new. In no way may ichthyology at least more feel 
the loss of Goode than in the loss of the complete bibliography." 

Mr. Goode was a student of the history of the scientific societies, 
and was himself deeply interested in their welfare. In all the 
Washington scientific societies he was an active member, serving 
as president both of the Biological Society and the Philosophical 
Society, before which he delivered his notable address on the 
history of American science. He also belonged to the Anthro- 
pological and Geographic Societies of Washington and stoutly 
maintained the traditions of all these. He was elected a mem- 
ber of the National Academy of Sciences in 1888, was for many 
years a member of the Association for the Advancement of 
Science, being elected vice-president of the Zoological Section 
last summer, a few days before his death. He was a member of 
the American Philosophical Society, of the American Society of 
Naturalists, and a Fellow of the American Academy of Arts and 
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Sciences, and among foreign societies he had been honored by 
election to the Soci6t4 des Amis des Sciences Naturelles de Moscou, 
Soci6t6 Zoologique de Prance, Zoological Society of London, and 
the Soci6te Scientifique du Chile. 

He seemed to regard historical and patriotic societies with an 
equal interest, being a member of the comicil of the American 
Historical Association and a member of the Virginia Historical 
Society and the Columbian Historical Society of Washington 
and of the newly formed Southern Historical Society. His work 
in connection with the hereditary and patriotic societies was so 
especially near to him as to demand an unusual mention. He 
was one of the organizers of the Sons of the American Revolu- 
tion of the District of Columbia, holding the offices of vice-presi- 
dent general and registrar general in the national society, and at 
the time of his death of president in the local society. He stimu- 
lated this society to issue historical publications, and saw a num- 
ber through the press himself. A society known as the Sons of 
the Revolution having been founded with somewhat similar 
aims, Mr. Goode joined this organization with the avowed pur- 
pose of bringing them together. In this society he held the office 
of vice-president. He was lieutenant governor of the Society of 
Colonial Wars of the District of Columbia. He gave constant 
advice to the Daughters of the American Revolution during the 
period of their organization, and was instrumental in having the 
State of Massachusetts present, as a home for the Daughters of 
the Revolution in Georgia, its building at the Atlanta Expo- 
sition, which was a copy of the old Craigie house in Cambridge, 
once occupied by Washington as his headquarters, and later the 
residence of Longfellow. The success of this effort gave him 
special pleasure, for he regarded it as one of the means for pro- 
moting friendliness between the people of New England and the 
people of the South. 

Although these numerous duties and activities would seem to 
have been more than enough for any single man, Mr. Goode did 
not stop here. Every scientific activity of the Government had 
at some time or other the advantage of his wise counsel and his 
active cooperation. His public duties outside of the Smithsonian 
in connection with the Department of State, the Fish Commis- 
sion, the Census, and the various expositions abroad at which he 
represented this Government I have already alluded to ; but he 
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was possessed of a higher order of patriotism which even this 
service did not satisfy. Mr. William L. Wilson, Regent of the 
Smithsonian Institution, lately Postmaster General of the United 
States and president of Washington and Lee University, says : 
" He was a richly endowed man — first, with that capacity and 
that resistless bent toward the work in which he attained his 
great distinction that made it a perennial delight to him ; but he 
was scarcely less richly endowed in his more unpretending and 
large human sympathies, and it was this latter endowment that 
distinguished him as a citizen and as a historian. 

"As a citizen he was full of patriotic, American enthusiasm. 
He understood, as all must understand who look with serious- 
ness upon the great problems that confront a free people and 
who measure the difficulties of those problems — he understood 
that at least one preparation for the discharge of the duties of 
American citizenship was the general education of the people, 
and so he advocated, as far as possible, bringing down to the 
reach of all the people, not only the opportunities, but the at- 
tractions and the incitements to intellectual living. 

" Dr. Goode, with the quick and warm sympathies of the man 
and of the historian, seems to have felt that he could do no 
greater service to the people of his day and generation and to his 
country than in the most attractive and concrete way, if I may 
so express it, to lead the young men of this country to a study 
of the history of the past — to the deeds and the writings of the 
great men to whom we owe the foundation and the perpetuation 
of our institutions." 

He was greatly interested in the establishment of a National 
University, and in 1891 read a paper in Philadelphia, afterwards 
printed in the magazine " Lend a Hand," edited by Edward 
Everett Hale, entitled " Washington's University the Nation's 
Debt of Honor." In this article he computed that the bequest 
of Washington to the United States for a National University 
would, at compound interest, amount, in 1892, to four million 
one hundred thousand dollars, and he proposed that the National 
Government should restore this sum as the nucleus of the 
endowment for the National University. He acted as secretary 
of the executive committee, of which the Chief Justice was 
chairman, which was laboring to this end, and spared no effort 
to bring it to a successful conclusion. 
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Another project in which he was interested and for which he 
labored was a movement to fully open French universities to 
American students. His interest was excited in this movement 
because he thought that American science was becoming one- 
sided, owing to the fact that all of the students who went abroad 
visited German universities. Of the American committee, which, 
in cooperation with the French committee, had this matter in 
charge. Dr. Goode was the secretary, and he had the satisfaction 
of seeing this project brought to a successful issue before his 
death. 

He had a strong interest in literature, and wrote in an excellent 
English style — clear, direct, and unpretentious. I have never 
met a mind in touch with more far-away and disconnected points 
than his, nor one of the same breadth and variety of writing, 
outside of the range of his own specialty. He had fine aesthetic 
tastes, and derived keen enjoyment from everything that was 
beautiful in nature or in art. He knew all natural sights and 
sounds, and recognized the note of every bird. He knew good 
pictures and good prints, was familiar with all the processes of 
graphic arts, and a good judge of them, both on the technical 
and the artistic side. He loved a beautifully printed book and 
an artistic binding. All these tastes he utilized in the publica- 
tions which he wrote or edited. The work which he had in hand 
at the time of his death and to which he devoted so much loving 
care, the History of the First Half Century of the Smithsonian 
Institution, he aimed to make the expression of all these tastes. 
To no writing which he ever did, did he bring a higher literary 
expression than to the pages which he prepared for this book. 
He was at infinite trouble in discussing such matters as the form 
of the page, the style of the type, the quality of the paper, the 
initial letters, the head lines and illustrations, and the binding, 
and when he discussed any of these points with the expert crafts- 
men his knowledge of the details was as full as their own. 

In spite of ill health and suffering, his overwrought, nervous 
system and his occasional severe mental depression, he never 
allowed himself to take a cynical view of human nature. He 
was a man who loved his fellow-men, and to whom that love was 
repaid with a warmth to a degree rare in this day. He made all 
other men's concerns his own. He sent notes and suggestions to 
hundreds of scientific men, whose work profited thereby, and in 
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the large circle of friends he had, scarcely one did not at one time 
or other come to Mr. Goode for advice and sympathy upon his 
own private affairs. He was an intensely loyal American patriot, 
ever careful that nothing should be said or done that should in 
any way reflect upon his country. He was especially devoted 
to Virginia and never happier than when he could spend a few 
days on her soil, looking over a historic house or copying some 
of the records which he hoped to turn to advantage in his his- 
torical studies. 

" He is remembered," says Dr. Dall, "as one never weary of 
well-doing ; who reached the heights, though ever aiming higher ; 
whose example stimulated and whose history will prove a last- 
ing inspiration." 

"As a public-spirited naturalist," says Professor Osborn, " he 
leaves us a tender memory and a noble example, which helps 
us and will help many coming men into the higher conception 
of duty in the service and promotion of the truth. We cannot 
forget his smile nor his arm passing through the arm of his 
friend." 

I have never known a more perfectly sincere and loyal char- 
acter than Dr. Goode's, or a man who, Avith better judgment of 
other men or greater ability in molding their purposes to his 
own, used these powers to such uniformly disinterested ends, 
so that he could maintain the discipline of a great establishment 
like the National Museum while still retaining the personal affec- 
tion of every subordinate. 

I have scarcely alluded to his family life, for of his home we 
are not to speak here, further than to say that he was eminently 
a domestic man, finding the highest joys that life brought him 
with his family and children. 

He has gone ; and on the . road where we are all going there 
has not preceded us a man who lived more for others, a truer 
man, a more loyal friend. 
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THE NEW SPECTRUM. 



By S. P. Langley/ 



The writer (at the concluding meeting of the National Academj' of 
Sciences on April 18) remarked on the disadvantages in the matter of 
interest of the work of the physicist, which he was about to show them, 
to that of the biologist, which was concerned with the ever absorbing 
problem of life. He had, however, something which seemed to him 
of interest, even in this respect, to speak of, for it included some indi- 
cations he believed to be new, pointing the way to future knowledge 
of the connection of terrestrial life with that physical creator of all 
life, the sun. 

He had to present to the academy a book embodying the lal)or of 
twenty j^ears, though at this late hour he could scarcely more than 
show the volume with a mention of the leading captions of its subject. 
What he had to say then would be understood as only a sort of intro- 
ductory description of the contents of the work in question, which 
was entitled ' ' Volume I of the Annals of the Astrophysical Observa- 
tory of the Smithsonian Institution." 

In illustration of a principal feature of this book, the academy saw 
before them on the wall an extended solar spectrum, only a small por- 
tion of the beginning of which, on the left, was the visible spectrum 
known to Sir Isaac Newton. This was the familiar visible colored 
spectrum which wc all have seen and know something of, even if our 
special studies are in other fields. 

It is chiefly this visible part, which has been hitherto the seat of 
prolonged spectroscopic investigation, from a little beyond the violet, 
at a wave-length of somewhat less than 0.4** down to the extreme red, 
which is generally considered to terminate at the almost invisible line 
A, T^hose wave-length is O.TB*^. On the scale of the actual wave-length 
of light, then, where the unit of measurement (l*") is one one-thou- 
sandth of a millimeter, the length of the visible spectrum is 0.361^. 

The undue importance which this visible region has assumed, not 
only in the eyes of the public, but in the work of the spectroscopist, is 
easily intelligible, being due primarily to the evident fact that we all 
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possess, as a gift from nature, a wonderful instrument for noting the 
sun's energy in this part, and in this part only. 

While, then, this part alone can be seen by all, yet the idea of its 
undue importance is also owing to the circumstance that the operation 
of the ordinary prism gives an immensely extended linear depiction of 
the really small amount of energy in this visible part. There is also 
a region beyond the violet, most insignificant in energy and invisible 
to the eye, and the association of this linear extension due to the prism 
with the accident that the salts of silver used in photography are extraor- 
dinarily sensitive to these short wave-length rays, so that they can 
depict them even through the most extreme enfeeblement of the energy 
involved in producing them, also makes this part have undue promi- 
nence. This action of the prism and of the photograph is local, then, 
and peculiar to the short wave-lengths; and owing to it, all but special 
students of the subject are, as a rule, under a wholly erroneous impres- 
sion of the relative importance of what is visible and what is not. 
The spectrum has really no positive dimension, being extended at one 
end or the other according to the use of the prism or grating employed 
in producing it. Perhaps the only fair measurement for displaying a 
linear representation of the enei'gy would be that of a special scheme, 
which the writer had proposed, in which the energy is everywhere the 
same;^ but this presentation is unusual and would not be generally 
intelligible without explanation. 

The map before us will be intelligible when it is stated that it is, as to 
the infra-red, an exact representation of that part of the spectrum 
given by a rock-salt prism. The visible and ultra-violet spectrum 
given here is not exact, for the reason that it would take nearly a hun- 
dred _/««;; of map to depict it on the prismatic scale, though this is caused 
b}^ but a small fraction of the sun's energy; so monstrous is the exag- 
geration due to the dispersion of the prism. 

Looking, then, at the map: First, in the spectrum on the left and 
beyond 0.4*' is the ultra-violet region, in fact almost invisibly small, but 
which in most photographs shows almost a Kund/red times Icvryer than 
the inhole infra-red. It really contains much less than one-hundredth 
part of the total solar energy which exists. Beyond it is the visible 
spectrum, containing perhaps one-fifth the solar energy. 

As the writer has elsewhere said, "the amount of energy in any 
region of the spectrum, such as that in any color, or between any two 
specified limits, is a definite quantity, fixed by facts, which are inde- 
pendent of our choice, such as the nature of the radiant body or the 
absorption which the ray has undergone. Beyond this Nature has no 
law which must govern us." 

Everything in the linear presentation, then, depends on the scale 
adopted. In other words, if we have the lengths propo rtionable tothe 

'American Journal of Science, III, xxvii, p. 169, 1884. 
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energies, the familiar prismatic representation enormously exaggerates 
the importance of the visible, and still more of the ultra-violet region, and 
similarly the grating spectrum exaggerates that of the infra-red region. 
Now he had given, on the map before them, and through the whole infra- 
red, the exact rock salt prismatic spectrum, but for the purpose of 
obtaining a length which represented (though insufficiently) that of 
the visible spectrum, he had laid the latter down on the average dis- 
persion in the infra-red, which was perhaps as fair a plan as could be 
taken for showing the approximate relation of the two fields of energy 
in an intelligible way, though it gave the visible energy too small. 

Let us recall, then, at the risk of iteration, that in spite of the 
familiar extended photographic spectra of the hundreds of lines 
shown in the ultra-violet, and in those of the colored spectrum, it is 
not here that the real creative energy of the sun is to be studied, but 
elsewhere, on the right of the drawing, in the infra-red. Looking to 
the spectrum as thus delineated, next to the invisibly small and weak 
ultra-violet, comes the visible or Newtonian spectrum, which is here 
somewhat insufficiently shown, and on the right extends the great 
invisible spectrum in which four-fifths of the solar energies are now 
known to exist. 

Of this immense invisible region nothing was known until the year 
1800,^ when Sir William Herschel found heat there with the ther- 
mometer. 

After that little was done'' (except an ingenious experiment bj' Sir 
John HerscheP to show that the heat was not continuous) till the 
first drawing of the energy curve by Lamansky,' in 18Y1, which, 
on account of its great importance in the history of the subject, is 
given on the map. It consists of the energy curves of the visible 
spectrum, and beyond it, on the right (and in illustration of what has 
just been said it will be seen how relatively small these latter appear), 
of three depressions indicating lapses of heat in the infra-red. It is 
almost impossible to tell what these lapses are meant for, without a 

' Philosophical Transactions, vol. xc, p. 284, 1800. 

''It should, however, be mentioned that an important paper by Draper (London, 
Ed. Dublin Phil. Mag., May, 1843) was published in 1843, in which he appears to 
claim the discovery of the group here called p<Jr and which is now known to have 
a wave-length of less than If . (Its true wave-length was not determined till much 
later. ) Later, Fizeau seems to have found further irregularities of this heat as long 
ago as 1847, and of its location, obtaining his wave-lengths by means of interference 
bands. His instrumental processes, though correct in theory, were not exact in 
practice; and yet it seems pretty clear that he obtained some sort of recognition 
of a something indicating heat, as far down as the great region immediately above O- 
on our present charts. Mouton (Comptes Bendus, 1879) confirmed this observation 
of Fizeau' s and contrived to get at least an approximate wave-length of the point 
where the spectrum (to him) ended, at about l.S'' . 

' Philosophical Transactions, vol. cxxx, p. 1, 1840. 

* Monatsberichte der k. Akademie der Wissenschaften zu Berlin, December, 1871. 
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scale of some kind (which he does not furnish), but tbe_v probably indi- 
cate something, going down to near a wave-length of 1''. It is obvious 
that the detail is of the very crudest, and yet this drawing of Lamansky's 
was remarkable as the first drawing of the energy spectrum. It at- 
tracted general attention, and was the immediate cause of the writer's 
taking up his i-esearches in this direction. 

It seems proper to state here that the true wave-lengths were at 
that tune most imperfectly known, but that in 1884, and later in 1885/ 
they were completely determined by the writer as far as the end of 
what he has called "the new spectrum" at a wave-length of 5.3''. 

The upper portion of the infra-red is quite accessible to photog- 
raphy, and the next important publication in this direction was that 
of Captain (now Sir William) Abney,^ which gave the photographic 
spectrum down to aliout l.!*^, much beyond which photography has 
never mapped since. 

From the time of seeing Lamanskj^'s drawing, the writer had grown 
interested in this work, but found the thermopile, the instrument of 
his predecessors, and the most delicate then Known to science, insuiE- 
cient in the feeble heat of the grating spectrum, and about 1880 he 
had invented the bolometer '' and was using it in that year for these 
researches. This may perhaps seem the place to speak of this instru- 
ment, though with the later developments which have made it what it 
is to-day, it has grown to something very different from what it was 
then. 

It has, in fact, since found very general acceptance among physicists, 
especiallj' since it has lateh' reached a degree of accuracy, as well as of 
delicacy, which would have appeared impossible to the inventor him- 
self in its earh' days. 

It ma\- be considered in several relations, but notably as to three: 
(1) Its sensitiveness to small amounts of heat; (2) the accuracy of 
measurement of those small amounts; and (3) the accuracy of its meas- 
urements of the position of the source of heat. 

As to the first, it is well known that the principle of the instrument 
depends on the forming of a Wheatstone bridge, by the means of two 
strips of platinum or other metal, of narrow width and still more 
limited thickness, one of which only is exposed to the radiation. In 
some bolometers in use, for instance, the strip is a tenth of a milli- 
meter, or one two-hundred-and-fiftieth of an inch in width; and yet it 
is to be described as onl}' a kind of tape, since its thickness is less than 
a tenth of this. 

The use of the instrument is then based on the well-known fact that 
the heating of an ordinary metallic conductor increases its resistance, 

' American Journal of Science, March, 1884, and August, 1886. 

'■^ Philosophical Transactions, vol. clxxi, p. 653, 1880. 

^ Actinic balance, American Journal of Science, 3d series, vol. xxi, p. 187, 1881. 
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and this 'law is found to hold good in quantities so small that they 
approach the physicallv infinitesimal. In the actual bolometers, for 
instance, the two arms of a Wheatstone bridge are formed of two 
strips of platinum, side by side, one of which is exposed to the heat 
and the other sheltered. The warming of the exposed one increases 
its resistance and causes a deflection of the galvanometer. 

It was considered to be remarkable twentj- years ago that a change 
of temperature of one ten-thousandth of a degree Centigrade could be 
registered; it is believed at present that with the consecutive improve- 
ments of the original instrument and others, including those which i 
Mr. Abbot, of the Smithsonian Institution Observatory, has lately 
introduced into its attendant galvanometer, less than one one-hund/red- 
milUonth of a degree in the change of temperature of the strip can j 
be registered. This indicates the sensitiveness of the instrument to 

heat. 

As to the second relation, some measures have been made on the 
steadiest light source obtainable. With ordinary photometric meas- 
ures of its intensity one might expect a probable error of about 1 per 
cent. The error with the bolometer was insensible by any means that 
could be applied to test it. It is at any rate less than two one- 
hundredths of 1 per cent. If we imagine an absolutely invisible spec- 
trum, in which there nevertheless are interruptions of energy similar 
to those which the eye shows us in the visible, then the bolometer, 
whose sensitive strip passes over a dark line in the spectrum, visible 
or invisible (since what is darkness to the eye is cold to it), gives a 
deflection on the side of cold, and in the warmer interval between two 
lines a deflection on the side of heat; these deflections being propor- 
tionate to the cause, within the degree of accuracy just stated. 

The third quality, the accuracy of its measures of position, is better 
seen by a comparison and a statement, for if we look back to the indi- 
cations of the lower part of Lamansky's drawing we may see that at 
least a considerable fraction of a degree of error must exist there in 
such a vague delineation. Now, in contrast with this early record, the 
bolometer has been brought to grope in the dark and to thus feel the 
presence of narrow Fraunhofer-like lines by their cooler -temperature 
alone, with an error of the order of that in refined astronomical meas- 
urement; that is to say, the probable error, in a mean of six observa- 
tions of the relative position of one of these invisible lines, is less than 
one second of arc; a statement which the astronomer, perhaps, who 
knows what an illusive thing a second of arc is, can best appreciate. 

The results of the writer's labors with the bolometer in the years 
1880 and 1881, and in part of his expedition in the latter j^ear to Mount 
Whitney, were given at the Southampton meeting of the British Asso- 
ciation for the Advancement of Science in 1882.' During these two 

^ Report British Association, 1882. Nature xxvi, 1882. 
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years very many thousand galvanometer readings were taken, by a 
most tryingly slow process, to give~the twenty or more interruptions 
shown at that time, below the limit of l.!*^ of Abney's photographs. 
The bolometer has been called an eye which sees in the dark, but at 
that time the "eye" was not fairly open, and having then not been 
brought to its present rapidity of use, the early results were attained 
only bj^ such unlimited repetition, and almost infinite patience was 
needed till what was inaccurate was eliminated. 

Several hundreds at least of galvanometer readings were then taken 
to establish the place of each of the above twenty lines during the two 
years when they were being hunted for, and this patience so far found 
its reward that they have never required any material alteration since, 
but only additions such as the writer can now give. The part below 
1.1'' he then presented (at the Southampton meeting of the British 
association) as having been mapped for the first time. Mouton had 
two j'ears before obtained crude indications of heat as far as 1.8", and 
Abney had, as stated, obtained relatively complete photographs of 
the upper infra-red extending to about this point (l.!*"). 

The writer had already determined for the first time by the bolometer, 
at Allegheny and on Mount Whitney, the wave-lengths of some much 
remoter regions, including, in part, the region then first discovered by 
him and here called "the new spectrum," and was able to state that 
the terminal raj^ of the solar spectrum, whose presence had then been 
ccrtainlj^ felt by the bolometer, had a wave-length of about 2.8'', or 
nearly two octaves below the ' ' great A" of Fraunhof er. 

He stated in this communication of 1882 that the galvanometer then 
responded readily to changes of temperature in the bolometer strip, of 
much less than one ten-thousandth of a degree Centigrade, (as has just 
been said, it now responds to changes of less than one one-hundred- 
millionth), and he added; "Since it is one and the same solar energy, 
whose manifestations are called 'light' or 'heat' according to the 
medium which interprets them, what is 'light' to the eye is 'heat' to 
the bolometer, and what is seen as a dark line by the eye is felt as a 
cold line by the sentient instrument. Accordingly, if lines analogous 
to the dai"k ' Fraunhofer ' lines exist in this invisible region, they will 
appear (if I may so speak) to the bolometer as cold bands, and this 
hair-like strip of platinum is moved along in the invisible part of the 
spectrum till the galvanometer indicates the all but mfinitesimal 
change of temperature caused by its contact with such a 'cold band.' 
The whole work, it will be seen, is necessarily very slow; it is, in fact, 
a long groping in the dark and it demands extreme patience." 

At that time it may be said to have been shown that these interrup- 
tions were due to the existence of something like dark lines or bands, 
resembling what are known as the Fraunhofer lines in the upper spec- 
trum; but, apart from what the writer had done, no one then surmised 
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how far this spectrum extended nor, perhaps, what these explorations 
really meant. They may be compared to actual journey.s into this 
dark continent, if it may be so called, which extended so far beyond 
those of previous explorers that the determination of positions by the 
writer, corresponding somewhat to longitudes determined by the terres- 
trial explorer in a new country, was, by those who had not been so far 
but had conceived an inadequate idea of the extent of the region, 
treated as erroneous and impossible. 

A necessary limit to the farthest infra-red was in 1880 supposed to exist 
near the wave-length l*^. Doctor John Draper,^ for instance, announced 
in other terms that the extreme end of the invisible spectrum might, 
from theoretical considerations, be probably estimated at something 
less than the wave-length of 1", whence it followed that the above 
value of 1.8'' was impossible, and, still more, that of 2.8". If, in this 
connection, we revert to our map, where the visible spectrum has an 
extent in wave-lengths of 0.36'^, then, on that same scale, the length of 
the entire possible spectrum, visible and invisible, was fixed by Draper 
at the point there shown near the band pfft. In still other words, 
according to him the very end of any spectrum at all would be less 
than 3 on a scale in which the visible spectrum was 1. Doctor Draper's 
authority was deservedly respected, and this citation of his remarks is 
made only to show the view then entertained by eminent men of 
science. 

Now, the writer had proved by actual measurement that it extended 
far beyond this point, and had announced, as the result of experiment, 
that it extended at any rate to about three times the utmost length then 
assigned from theoretical reasons by Draper, founded on the then uni- 
versally accepted formula of Cauchy, which was later discredited by 
the direct experimental evidence given of its falsity by the bolometer. 

The bolometer, which is wholly independent of light as a sensation 
and notes it only as a manifestation of energy, first lays down the 
spectrum by curves of energy from which the linear spectrum is in 
turn derived. Two such curves taken at different times are given to 
show the agreement. There must now be explained, however briefly, 
the way in which these energy curves, which are the basis of all, have 
actually been produced here. 

In making the map of the energy curves it should be remembered 
that when an invisible band or line is suspected, its presence is revealed 
by the change of temperature in the bolometer strips affecting the 
needle of the galvanometer, causing this needle to swing this way or 
that; let us suppose to the left if from cold and the right if from heat. 
The writer's first method was to have one person to note the exposure 
another to note the extent of the deflection, and a third to note the 



' Proceedings of the American Academy, vol. xvi, p. 233, 
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part of the spectrum in which it occurred. For reasons into which he 
does not enter, this old plan was tedious in the extreme and required, 
as has been said, hundreds of observations to fix with appropriate 
accurac}' the position in wave-length of one invisible line. It has 
been stated that only about twenty such lines had been mapped out 
in nearly two years of assiduous work prior to 1881, and if a thousand 
such lines existed, it was apparent that fifty years would be required 
to denote them. 

The writer then devised a second apparatus to be used in connection 
. with the bolometer. This apparatus was simple in theory, though it has 
taken a dozen years to make it work well in practice, but it is working 
at last, and with this the maps in this volume of the "Annals" and that 
before us have been chiefly made. It is almost entirely automatic, and 
as it is now used, a thousand inflections can be delineated in a single 
hour, much better than this could have been done in the half cen- 
tury of work just referred to. 

Briefly, the method is this: A great i-ock-salt prism (for a glass one 
would not transmit these lower rays nor could they easily be detected 
in the overlapping spectra of the grating) is obtained of such purity 
and accuracy of figure, and so well sheltered from moisture, that its 
clearness and its indications compare favorably, even in the visible 
spectrum, with those of the most perfect prism of glass, with the 
additional advantage that it is permeable to the extreme infra-red rays 
in question. This prism rests on a large azimuth circle turned by 
clockwork of the extremest precision, which causes the spectrum 
to move slowh^ along, and in one minute of time, for example, 
to move exactly one minute of arc of its length before the 
strip of the bolometer, bringing this successively in contact with 
one invisible line and another. Since what is blackness to the 
eye is cold to the bolometer, the contact of the black lines chills 
the strip and increases the electric current. The bolometer is con- 
nected by a cable with the galvanometer, whose consequent swing to 
the right or the left is photographically registered on a plate which 
the same clockwork causes to move synchronously and uniformly up 
or down by exactly one centimeter of space for the corresponding 
minute. By this means the energy curve of an invisible region, which 
directly is wholly inaccessible to photography, is photographed upon 
the plate. 

Let it be noted that whatever the relation of the movement of the 
spectrum to that of the plate is, (and difi'erent ones might be adopted), 
it is absolutely synchronous — at least to such a degree that an error in 
the position of one of these invisible lines can be determined, as has 
been stated, with the order of precision of the astronomical measure- 
ment of visible things. 

The results were before them in the energy curves and the linear 
infra-red spectrum containing over seven hundred invisible lines. This 
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Is more than the num1:)er of visible ones in Kirchoff & Bunsen's charts. 
The position of each line is fixed from a mean of at least six indepen- 
dent determinations with the accuracy stated above. 

The reader will perhaps gather a clearer idea of this action if he 
imagines the map before him hung up at right angles to its actual posi- 
tion, so that a rise in the energy curve given would be seen to corre- 
spond to a deflection to the right, and a fall, to one to the left; for in 
this way the deflections were written down on the moving photo- 
graphic plate from which this print has been made. The writer was 
now speaking of the refinements of the most recent practice; but there 
was something in this retrospect of the instrument's early use which 
brought up a personal reminiscence which he asked the Academy to 
indulge him in alluding to. 

This was that of one day in 1881, nearly twenty years ago, when 
being near the summit of Mount Whitney, in the Sierra Nevadas, at 
an altitude of 12,000 feet, he there, with this newl}' invented instru- 
ment, was working in this invisible spectrum. His previous experi- 
ence had been that of most scientific men — that very few discoveries 
come with a surprise, and that they are usualh' the summation of the 
patient work of years. 

In this case, almost the only one in his experience, he had the sensa- 
tions of one who makes a discovery. He went down the spectrum, 
noting the evidence of invisible heat die out on the scale of the instru- 
ment until he came to the apparent end even of the invisible, bej^ond 
which the most proloHged researches of investigators up to that time 
had shown nothing. There he watched the indications grow 
fainter and fainter until they too ceased at the point where the 
French investigators believed they had found the very end of the end. 
By some happy thought he pushed the indications of this delicate 
instrument into the region still beyond. In the still air of this lofty 
region the sunbeams passed unimpeded by the mists of the lower 
earth, and the curve of heat, which had fallen to nothing, began to 
rise again. There was something there. For he found, suddenly and 
unexpectedly, a new spectrum of great extent, wholly unknown to 
science and whose presence was revealed by the new instrument, the 
bolometer. 

This new spectrum is given on the map, where it will be observed 
that while the work of the photograph (much more detailed than that 
of the bolometer, where it can be used at all) has been stated to 
extend, as far as regular mapping is concerned, to about l.!*", that 
everything beyond this is due to the bolometer, except that early 
French investigators had found evidence of heat extending to LB**. 
Still beyond that ultima thule, this region, which he has ventured to 
call the "New Spectrum," extends. It will be found between wave- 
lengths 1.8'' and 5.3'' on the map. 
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The speaker had been much indebted to others for the perfection to 
which the apparatus, and especially the galvanometer, had been brought. 
He was under obligations, particularly to Mr. Abbot, for assistance in 
many ways, which he had tried to acknowledge in the volume; but 
before closing this most inadequate account of it, he would like to 
draw attention to one feature which was not represented in the spec- 
trum map before them, although it would be found in the book. 

During early years the impression had been made upon him that 
there were changes in the spectrum at different periods of the year. 
Some of these changes might be in the sun itself. The major portion 
of those he was immediatelj' speaking of, he believed, were rather 
referable to absorptions in the earth's atmosphere. 

Now these early impressions had been confirmed by the work of the 
observatory in recent years, and charts given in the volume would 
show that, (the sun being always supposed to be at about the same alti- 
tude, and its rays to traverse about the same absorbing quantity of 
the earth's atmosphere), the energy spectrum was distinctly diflferent 
in spring, in summer, in autumn, and in winter. The lateness of the 
hour prevented him from enlarging on this latter profoundly interest- 
ing subject. He would only briefly point out the direction of these 
changes, which were not perhaps to be called conspicuous, but which 
seemed to be very clearly brought out as certainly existing. With 
regard to them he would only observe, what all would probably agree 
to, that while it has long been known that all life upon the earth, with- 
out exception, is maintained by the sun, it is only recently that we 
seem to be coming by various paths, and among them by steps such as 
these, to look forward to the possibility of a knowledge which has yet 
been hidden to us, of the waj^ in which the sun maintains it. We were 
hardly beginning to see yet how this could be done, but we were begin- 
ning to see that it might later be known, and to see how the seasons, 
which wrote their coming upon the records of the spectrum, might in 
the future have their effects upon the crops prevised by means some- 
what similar to those previsions made day by day by the Weather 
Bureau, but in ways infinitely more far-reaching, and that these might 
be made from the direct study of the sun. 

We are yet, it is true, far from able to prophesy as to coming years 
of plenty and of famine, but it is hardly too much to say that recent 
studies of others as well as of the writer, stronglj^ point in the direction 
of some such future power of prediction. 
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ON THE CHEAPEST FORM OF LIGHT. 

From Studies at the Allegheny Observatory.* 

BY 

S. P. LANGLEY AND F. W. VERY. 



The object of this memoir is to show by the study of the radiaiion of 
the fire-fly that it is possible to produce light without heat other than 
that in the light itself; that this is actually effected now by nature's 
processes, and that these are cheaper than our industrial ones in a degree 
hitherto unrealized. By " cheapest " is here meant the most economical 
in energy, which for our purpose is nearly synonymous with heat; but 
as a given amount of heat is producible by a known expenditure of fuel 
at a known cost, the word " cheapest " may also here be taken with little 
error in its ordinary economic application. 

We recall that in all industrial methods of producing light there is 
involved an enormous waste, greatest in sources of low temperature, like 
the candle, lamp, or even gas illumination, where, as I have already 
shown, it ordinarily exceeds 99 parts in the 100 ; and least in sources of 
high temperature, like the incandescent light and electric arc, where yet 
it is still immense and amounts even under the most favorable condi- 
tions to very much the larger part. 

It has elsewhere f been stated that for a given expense at least one 
hundred times the light should in theory be obtainable which we actually 
get by the present most widely used methods of illumination. This, it 
will be observed, is given as a minimum value, and it is the object of the 
present research to demonstrate that not only this possible increase, but 
one still greater, is actually obtained now in certain natural processes, 
which we know of nothing to prevent our successfully imitating. 

It is now universally admitted that wherever there is light there has 
been expenditure of heat in the production of radiation existing in and 
as the luminosity itself, since both- are but forms of the same energy ; 
but this visible radiant heat which is inevitably necessary is not to be 

* Reprinted, with additional note, from the American Journal of Science, third 
sWies, vol. xl, No. 236, August, 1890. 

tSee results of an investigation by S. P. Langley, read before the National 
Academy in 1883, and given in " Science " for Junp 1, J883, where it is shown that 
in the ordinary Argaud burner gas flame indefinitely over 99 per cent of the radiant 
energy is (for illumination purposes) waste. 

(3) 
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considered as waste. The waste comes from the present necessity of ex- 
pending a great deal of heat in invisible forms before reaching even the 
slightest visible result, while each increase of the light represents not 
only the small amount of heat directly concerned in the making of the 
light itself, but a new indirect expenditure in the i)roduction of invisible 
calorific rays. Our eyes recognize heat mainly as it is conveyed in cer- 
tain rapid ethereal vibrations associated with high temperatures, while 
we have no usual way of reaching these high temperatures without pass- 
ing through the intermediate low ones, so that if the vocal production of 
a short atmospheric vibration were subject to analogous conditions, a 
high note could never be produced until we had passed through the 
whole gamut, from dicontinuous sounds below the lowest bass up suc- 
cessively through every lower note of the scale till the desired alto was 
attained. 

There are certain phenomena, long investigated, yet little understood, 
and grouped under the general name of " phosphorescent " which form 
an apparent exception to this rule, especially where nature employs them 
in the living organism, for it seems very difficult to believe that the light 
of a fire-fly, for instance, is accompanied by a temperature of 2,000°, or 
more, Fahr., which is what we should have to produce to gain it by our 
usual processes. That it is, however, not necessarily impossible, we may 
infer from the fact that we can by a' known physical process produce a 
still more brilliant light without sensible heat, where we are yet sure 
that the temperature exceeds this. No sensible heat accompanies the 
fire-fly's light, any more than need accompany that of the Geissler tube, 
but. this might be the case in either instance, even though heat were 
there, owing to its minute quantity, which seems to defy direct inves- 
tigation. It is usually assumed, with apparent reason, that the insect's 
light is produced without the invisible heat that accompanies our or- 
dinary processes, and this view is strengthened by study of the fire-fly's 
spectrum, which has been frequently observed to diminish more rapidly 
toward the red than that of ordinary flames. 

Nevertheless, this, though a highly probable and reasonable assump- 
tion, remains assumption rather than proof, until we can measure with 
a sufficiently delicate apparatus the heat which accompanies the light 
and learn not only its quantity, but, what is more important, its quality. 
Apart from the scientific interest of such a demonstration is its economic 
value, which may be inferred from what has already been said. I have 
therefore thought it desirable to make the light of the fire-fly the subject 
of a new research, in which it is endeavored to make the bolometer sup- 
plement the very incomplete evidence obtainable from the visible spec'^ 
trum. 

As we may learn from elementary treatises, phenomena of phosphor- 
escence are common to insects, fishes, moUusks, vegetables, and organic 
and mineral matter. Among luminous insects the fire-fly of our fields 
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is a familiar example, though other of the species attain greater size, and 
perhaps greater intrinsic brilliancy, especially the Pyrophorus noctilucus 
Linn., found in Cuba and elsewhere. Its length is about 37"°", width 
11""", and it has, like Pyrophori, three light reservoirs — two in the thorax 
and one in the abdomen. To procure this Cuban fire-fly I invoked the 
aid of the Smithsonian Institution, and through the kindness of Professor 
Felipe Poey, of Havana, and Senor Albert Bonzon, of Santiago de Cuba 
in the Island of Cuba, living specimens of the Pyrophorus noctilucus were 
received here during the summer of 1889. I have also to acknowledge 
my obligations to Professor C. V. Riley and to Professor L. A. Howard, 
to whose knowledge and kind care I am doubly indebted. 

After a preliminary spectral examination in Washington, I found it 
more convenient to continue the research at the Allegheny Observatory 
by means of the very sjiecial apparatus supplied by the liberality of the 
late William Thaw, of Pittsburgh, • for researches in the lunar heat- 
spectrum.* Photometric measurements throughout the spectrum of the 
insect's light were also made. 

I have indicated the steps of the investigation, but the experiments 
have been so largely and so intelligently made by Mr. F. W. Very that 
it is just to consider him as an associate rather than an assistant in the 
researches. I shall accordingly in what follows not discriminate between 
what each has contributed. 

Historical Notes. 

We make no attempt to give any bibliography of the subject, and these 
notes are confined to what seems important in the history of the physical 
side of it. 

Nathaniel Hubne.f — Exper. 6. A dead shining glow-worm was put 
upon v^ater, contained in a wide-mounted phial, at the temperature of 58. 
The phial was then sunk in boiling hot water, and as the heat communi- 
cated itself to the contents of the phial, the light of the glow-worm became 
much more vivid. 

Exper. 7. Another lucid dead glow-worm was put into warm water, 
at 114, to see if that degree of heat would extinguish the light, but, on 
the contrary, its glowing property was augmented. All the water was 
then poured ofi", yet the insect continued to shine for some length of 
time. 

Exper. 8. Two living glow-worms were put into a one-ounce phial, 
with a glass stopple, and though they were perfectly dark at the time, 
yet if the phial was briskly rubbed with a silken or linen handkerchief 
till it became pretty warm, it seldom failed to make them display their 

* Described in the Memoirs of the National Academy, vol. iv, part ii, p. 112. 
fPhilos. Trans. Roy. Soc, I-ondon, vol. xc, pp. 180, 181, 1800. 
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light very finely. This experiment. was very frequently repeated. It 
had the same illuminating effect upon the light of a dead glow-worm. 

Exper. 9. The complete influence of 212 degrees of heat was now 
applied to the light of a glow-worm, by pouring upon one when dead, 
but in a luminous state, some boiling water. Its light was instantly ex- 
tinguished thereby and did not revive. The experiment was repeated 
and with the same result. 

Macaire* (quoted by Becquerel) found that the luminous matter taken 
from the body of a glow-worm and heated, increased in brilliancy up to 
a temperature of about 41° C, after which the light diminished, became 
reddish, and ceased at 52° C. An electric current increased the lumi- 
nosity in both the living insect and in the luminous part separated from 
the remainder of the body, but ceased to have any effect in a vacuum. 
Oxygen and carbon monoxide increased the light of the living insect and 
of the luminous matter taken from its body, but the light ceased in a 
vacuum, in hydrogen, in carbon dioxide, in sulphurous anhydride, and 
in sulphureted hydrogen. 

ClfirMst observed that the luminous matter taken from the body of the 
glow-worm ceases to shine when dried, but glows again when moistened- 

Matteuccil found that, the phosphorescent substance of the Italian 
glow-worm (Lampyris Italica) soon ceased to glow in hydrogen or in 
carbon dioxide, but shone decidedly brighter in oxygen than in air, the 
oxygen being consumed and carbon dioxide appearing. He drew the 
conclusion that the production of light in this insect is entirely due to 
the combination of oxygen with carbon, which is one of the elements 
of the phosphorescent matter. The greatest brilliancy occurred at a tem- 
perature of 37° or 38° Cent., but all phosphorescence ceased above 50° 
or below — 6° Cent. 

Robert % found that a glow-worm cut in halves conlinued to glow for 
half an hour, when the light ceased, but commenced again on the near 
approach of a candle, and continued as bright as ever for thirty-six 
hours, after which it was impossible to renew it. 

Pasteur || has examined the spectra of our Pyrophorus without finding 
any appearance of bright or dark lines. He states that M. Gernez has 
made a similar observation on the spectrum of the glow-worm. 

Becquerel f gives a good summary of the results of previous observers. 
Since phosphorescent solids give banded spectra and thus differ from 
ignited solids and liquids which have continuous spectra, M. Becquerel 

* " Bibliotheque Univ. de Geneve," 1821. 

t "AnalectenzerNatur-und Heilkunde," Leipzig, 1829; see also Comtes Eeirdus, 
lix, p. 607, 1864. 
i "Ann. de chim. et de phys.," Ill, ix, p. 71, 1843 ; also in 0. R., xvii, p. 309. 
?C. R., xvii, p. 627, 1843. 
II C. R., lix, p. 509, 1864. 
If "Lalumiere," 1867. 
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concludes, from the apparent continuity of the spectrum of the light 
from phosphorescent animals, that their light approaches nearer to that 
of ordinary incandescence— a deduction which the following result 
renders unnecessary. 

C. A. Younfj * states that the " common " fire-fly gives a continuous 
spectrum, extending from a little above Fraunhofer's line C in the scarlet, 
to about P in the blue, gradually fading out at the extremities. He 
observes that it is noticeable that precisely this portion of the spectrum 
is composed of rays, which, while they more powerfully than any others 
affect the organs of vision, produce hardly any thermal or actinic effect. 
In other words, very little of the energy expended in the flash of the 
fire-fly is wasted. 

(This is a most important and interesting inference, but it will be ob- 
served that this is necessarily rather assumed as highly probable than 
actually demonstrated, since the method did not permit the dealing 
with the invisible rays except by inference.) 

It is quite difi'erent with our artificial methods of illumination. In 
the case of an ordinary gas light, experiments show that at most, one 
per cent of the radiant energy consists of visible rays, the rest being in- 
visible heat ; that is to say, over ninety-nine per cent of the gas is wasted 
in producing rays that do not help in making objects visible, f 

SecchiX at first thought that the spectrum of the glow-worm was 
monochromatic, but with an improved spectroscope, recognized that 
other colors were present, though feebly, and decided that the spectrum 
was sensibly continuous. 

Qualrejages,% in connection with the paper of Secchi, remarks that the 
previous observations of Spallanzani and Macaire, repeated with much 
care by Matteucci and Becquerel, show beyond doubt that the light of 
glow-worms and elaters is due to slow combustion. Thus the light is 
extinguished in a vacuum, and in irrespirable gases, it reappears in con- 
tact with the air, it is perceptibly increased by the presence of pure 
oxygen, it persists after the death of the creature, and finally it is ac- 
companied by the generation of carbon dioxide. Nevertheless, he points 
out that there is a distinct kind of phosphorescence in the marine Noc- 
tilucidae, due to the contraction of mCiscular fiber, the shining tissue- 
being seen through the translucent body wall. This species of phos- 
phorescence is increased by irritants, but is independent of the presence 
of oxygen and is not extinguished or in any way modified by hydrogen 
or by carbon dioxide. 

* The American Naturalist, Salem, 1870, vol. iii, p. 615. 

t S. P. Langley has shown that the waste is in fact even greater than this ; see 
"Science," vol. i, No. 17, p. 482, 1883. 
JC. E., Ixxv, p. 321,1872. 
10. R., Ixxv, p. 322, 1872. 
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Robin and Laboidbene* find the luminous organs of P. noctilucus com- 
posed of irregularly polyhedral cells, 0-04°'°' to 0-06°"° thick, between 
which pass very numerous fine tracheae and nerves. The inner face of 
the organ is composed of adipose tissue, and the outer of a transparent 
modification of the ordinary chitinous covering of the insect. The 
authors conclude that the light is due to chemical decomposition of a 
nitrogenous body with formation of crystalline urates. 

Jousset de Bellesmef finds that although the phosphorescent cells, when 
separated from the body of the insect, continue to glow for several hours, 
yet if crushed they instantly lose their illuminating power, which indi- 
cates that for the production of the light the living cells must retain 
their integrity, and that they are not mere reservoirs of a phosphorescent 
substance, but continuous generators of it. He surmises that the light- 
giving substance may be phosphureted hydrogen. 

MeldolaX is quoted by Spiller§ as having examined the glow-worm 
spectrum and determined its approximate limits. 

Conwy II finds the glow-worm's light green, and in a small direct 
vision spectroscope showing a continuous spectrum from C to b, appear- 
ing like a broad band of green light extending from O'^'SIS to 0'"587 
with a faint continuous spectrum into the red to 0'^"656. 

R. Du Bois.*^ — Perhaps the most important of previous memoirs on 
phosphorescent insects is by this writer. It contains an account of 
photometric measures in wave-length scale, and also of heat measures 
with the thermopile. The latter represent the only attempt even, in 
this direction, I know of, and seem to be judiciously made but to be 
insufficient (on account of the limitations of such apparatus) to estab- 
lish the author's conclusion that the light is accompanied by no sensi- 
ble heat. This conclusion, we repeat, though very probably correct, 
does not seem to rest on the evidence of an apparatus'of at all the neces- 
sary sensitiveness. This memoir, however, appears to be in general an 
excellent one, and well worthy the student's attention. 

From all these statements it is abundantly clear that not only physicists 
and chemists, but naturalists, have been led to conclude that this light 
is not associated indissolubly with any so-called vital principle or vital 
process, but it is a result of certain chemical combinations, and that 
nothing forbids us to suppose it may be one day produced by some pro- 
cess of the laboratory or manufactory. With this conclusion in mind, 
we now proceed to observations meant to demonstrate the fact that this 

*C. R.lxxvii, p. 511, 1873. 

to. R., xc, p. 318, 1880. 

t "Proc. Entomological Soc.,'' p. iii, 1880. 

i "Nature," vol. xxvi, p. 343. 

II "Nature," vol. xxvi, p. 319, 1882. 

T[ " Bulletin de la Soci6t6 Zoologique de France," parts 1, 2, and 3, 1886. 
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process (presumably discoverable but still unknown) gives light without 
invisible heat. 

These observations are : 1. Photometric. 2. Thermal. 

Part 1. — Photomktriu OBSERVATiOiNS. 

The first impression on viewing the light of the Pyrophorus noctilucus 
through a spectroscope is that it consists essentially of a broad band in 
the green and yellow, while with precaution we see this extending into 
and beyond the borders of the blue and orange, but not very greatly 
fartlier, and these have been taken by previous observers as its absolute 
limits. No one appears to have experimentally and distinctly answered 
the question, " Would the light not extend farther were it bright enough 
to be seen ? " nor has it been proven as clearly as might be desired that 
the result depends on the quality rather than the quantity of the light, 
or given conclusive evidence, that if the light of the insect were as bright 
as that of the sun it would not extend equally far on either side of the 
spectrum. 

It is impossible to increase the intrinsic brilliancy by any optical 
device, but if it be impossible to make the light of the insect as bright 
as that of the sun, it is on the other hand quite possible to make the 
light of the sun no brighter than that of the insect, and this would ap- 
pear to be the first step in obtaining a, definite proof that the apparently 
narrow limits of the insect's spectrum are due to the intrinsic quality of 
the light and not to its feeble intensity. The only conclusive method 
of determining this would appear to be to balance the light from the 
insect with that of a definite portion of sunlight by any. ordinary photo- 
metric device ; and having taken this sunlight as nearly equal as possible 
to that of the insect, though certainly not greater, to let this determined 
quantity fall on the slit of a spectroscope at the same time with the light 
from the insect, two spectra being formed one over the other in the same 
field and at the same time. 

The actual doing this is not so easy as it might appear, owing to ex- 
perimental difficulties connected with the insect, a part of which arises 
from the fact that its light is not only fitful but unequal, being of very 
varying intensities when not wholly intermittent. 

The simplest way in which the experiment can be performed is per- 
haps the following : 

The insect is placed immediately in front of the slit of a spectroscope, 
so that the light of its thoracic or abdominal ])ortion falls upon the slit. 
This forms a narrow spectrum which should be brought into the lower 
or upper half of the field, the insect being attached to the spectroscopic 
apparatus in a position as nearly fixe! as possible. The spectroscope 
is now placed with the axis of its collimator in the line of a raj"^ of sun- 
light cast from a heliostat without. In the path of this ray is a screen 
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with a circular diaphragm covered with ground glass ; a lens in front of 
the slit casts on one portion of it an image of the white circle formed by 
the ground glass, which image is the same size as the illuminating organ 
of the insect and forms a spectrum of the same height in the reserved 
portion of the field. A suitable disposition of lenses placed between the 
glass screen and the siderostat enables any degree of illumination to be 
given to the former, from full sunlight to nearly absolute darkness. If 
the normal spectrum be studied, a grating is selected of such open ruling 
that the entire visible spectrum of the first order can be seen in the field, 
but the grating is first so placed that what is seen is not the spectra but 
the reflected image of the slit, the grating thus acting (at first) the part 
of a mirror; so that the observer first sees the two circles of light of ap- 
proximately equal size and brilliancy, one formed by the insect, the 
other by the sunlight, and the light of this latter, by the arrangement 
of lenses between the screen and the siderostat is then adjusted so that 
while remaining of the size of the insect, it is judged to have the same 
intrinsic brilliancy, or, at any rate, not a superior one. 

The essential thing is that a photometric comparison shall be made 
of the two lights before the spectra are formed, and that under these 
conditions the sunlight is equal but not superior to that of the insect. 

The necessary condition of equality of the two lights from which the 
spectra are to be formed, having thus been secured, the grating is moved 
until the two spectra are brought into the field. The result of this 
direct test is that the solar spectrum when intrinsically of the same 
brightness, or even when clearly of less brightness than that of the in- 
sect, extends somewhat further toward the red and distinctly further 
toward the violet, the insect light being more intense than that of the 
sun for equal lights in the green, but ending more abruptly on the 
violet side. 

It may be added that when the insect's light grew brighter the incre- 
ment appeared to be more in the blue end or as if the average wave- 
length diminished with the intensity, but there was not opportunity to 
put this beyond doubt. 

Photometric observations in the prismatic spectrum were made pre- 
viously to the adoption of the arrangement above detailed, the first 
being on July 1, 1889, using thoracic light. The insect was mounted on 
an adjustable stand, to which it was attached loosely, so as to give it 
such freedom of motion as is needed to' insure its emitting the light. 
It was consequently necessary to readjust its position incessantly, and 
this necessit}'' constitutes a very obvious difficulty. The thoracic light 
spots are two ovals, each about 2"°"' by I'S""" (see plate I, Fig. 1). 
Their light is not so bright as the abdominal light, but much steadieri 
and like that, of a decidedly greenish hue. One of these oval spots was 
placed over the center of a slit, open just enough to receive the light, or 
about 1-5""". This slit was in the focus of a glass lens of 8°°' aperture 
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and 82°" focus, which acted as a collimator. The prism was a very 
large one of flint (faces ll'S""" high, lO'S™ wide), whose mounting in- 
cluded an automatic minimum deviation attachment. The observing 
lens was similar to the collimator, with a low-power eye-piece in whose 
field was a pair of heavy vertical parallel wires. The whole was mounted 
on the spectrometer, primarily designed for bolometric measures and 
fully described elsewhere.* The insect turned so as to show the abdom- 
inal light is depicted in plate I, Fig. 2. 

The observer waited for some time in a wholly darkened room, and 
to the eye thus rendered sensitive, the visible spectrum, before magnifi- 
cation, was about 2°'"' high and 20"" long, the parallel wires being dis- 
tinctly visible in the indigo at a setting of 45° 25', corresponding to a 
wave-length of 0''-468, and in the red at 43° 53', corresponding to 0'*-640. 
The spectrum then was visible from a little beyond F to near C, or 
through a range of 0''172. As might have been anticipated from the 
greenish color bf the light, the maximum brilliancy was in the green 
near E, or near wave-length 0''-53.t From this point the light fell away 
on both sides more rapidly than in the solar spectrum. (See plate 
II, A, B.) 

July 2. A comparison of the spectra of the thoracic and of the ab- 
dominal light gave the latter upon the average about double the 
intrinsic brightness of the formei'. This was only a crude estimate, but 
more exact methods under the limited time for experiment would have 
been useless, owing to the very fluctuating character of the light. In 
continuation of the photometric measurements of the preceding day on 
the thoracic light, this was compared with that from the flame of an 
ordinary Bunsen burner at its greatest luminosity, whose area was 
limited by a diaphragm to that of the size of the thoracic light. The 
light from the base of this luminous flame (height of flame about 3'5°", 
air shut off at base of burner) gave a continuous spectrum, which in 
these first comparisons was alternated with that of the insect. The 
spectra were judged to be equal in the blue and the red, but that of the 
insect was much brighter in the green. Again, a spectrum being formed 
from light taken midway between the base and point of the flame was 
found to be everywhere too bright, but especially so in the red. 

July 3. Continuation of photometric measures, but with abdominal 
light. (The abdominal luminous organ is shown in plate I, Fig. 2.) 
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inner and slightly darker cone, seen through hole 2-5""" in diameter.) 

*American Journal of Science, March, 1883, p. 188. 
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Under these circumstances the spectrum of the insect's light was in the 
green a fair match for that of the burner ; elsewhere the latter was 
brighter, but not very greatly so. Since the insect's spectrum was fol- 
lowed through Qf^-lS with the thoracic light, while with that of the same 
character, but double the brightness, it was followed only through a very 
little more, or 0'^-20, and while at the same time that of a but slightly 
brighter artificial flame was followed through nearly double or 0'*-38, it 
seems probable that the insect's light actually ceases near the given 
limits, and does not merely disappear from the inability of the eye to 
follow a diminishing light. While we observe from these first photo- 
metric measures that the insect's spectrum has undoubtedly a decided 
maximum in the green, we are led to infer that this spectrum is very 
probably of the nature of a broad band stretching from beyond F to 
near C where it terminates, and this very important inference we shall see 
confirmed later by other and more exact measures. 

August 5. Comparison of relative brightness in different parts of 
spectrum of abdominal light with that from a student's lamp. 

A spectrometer supplied with means* for bringing into the same field 
the spectra of two different lights, formed by a Rutherfurd grating of 
17296 lines to the inch (instead of the prism) was employed for this 
purpose. The upper half of the slit received the insect's light, the 
lower half a beam from the brightest part of the Argand flame, which 
had passed through two Nicol's prisms, one of which was attached to a 
divided circle. The two spectra were then seen in the same field with 
their edges in exact juxtaposition. In the field of the observing tele- 
scope was a slit 1°"° wide, subtending not quite 9'5 (minutes of arc), 
which allowed light having a range of wave-length of about 0''-01 to pass. 
The spectrum of the lamp-light was brighter in every part of the field 
though in unequal degrees till it was diminished by turning the Nicol's 
prism. The angle through which the prism was turned to produce 
equality having been noted, the values deduced from the ordinary for- 
mula (transmitted light = I cos^ a, the angle a being 90° when the light 
is diminished as much as possible by crossing the planes of the Nicols 
at right angles) are as follows, where the fractions are those by which 
the brightness of the lamp spectrum at the various points is to be multi- 
plied to produce equality with the insect spectrum. 
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* Alluded to but not fully described in the American Journal of Science, August, 
1877. 
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Owing to the motion of the insect and the varying brilliancy of the 
light emitted, these figures (each of which is the result of the mean of 
several trials including at least two measures) still leave much to be 
desired. The supply of the insects which had been procured and main- 
tained alive with difficulty, however, did not allow of the experiments 
being further prolonged, nor of the securing a direct comparison with 
the solar spectrum. The value of each part of the lamp spectrum hav- 
ing, however, been independently determined with all possible exactness 
in terms of the solar spectrum, we are enabled to exhibit a comparison of 
the latter with the insect spectrum so as to show them together (plate II, 
Figs. A and B). It is assumed that the same 'amount of luminous in- 
tensity (i. e., energy in terms of vision as determined by purely pho- 
tometric methods) is taken, whether from the sun or the insect. The 
subjoined curves (plate II) show the solar and the insect luminosity 
throughout the visible spectrum ou the preceding assumption of the in- 
trinsic equality, a result which, however, might be liable to a slight cor- 
rection of the relative places of the maxima if a direct comparison with 
sunlight were obtained. The important fact, however, seems to be 
brought out almost beyond question that when spectra are formed from 
two equal lights, one from the sun, the other from the insect, the latter's 
spectrum terminates both at an upper and a lower limit at which the 
solar light is still conspicuous. The conclusion follows that the insect 
spectrum is lacking in the rays of red luminosity and presumably in 
the infra-red rays, usually of relatively great heat, or that it seems prob- 
able that we have here light without heat, other than that heat which the 
luminosity itself comprises alid which is but another name for the same 
energy. 

Any other supposition would apparently involve the hypothesis that 
the spectrum, which we have seen end at the red, has a renewal in the 
invisible infra-red where the main portion of the solar heat and that of 
all ordinary illuminants is known to exist. Although this last hypoth- 
esis cannot be considered to have much weight, and though we are led 
to agree with previous observers that it may be assumed with much 
probability that the ordinary invisible heat would, if we had means to 
observe it, be found unassociated with the fire-fly's light, yet this 
assumption is itself far from being proof, and in view of the great im- 
portance of the conclusions in question, we shall now try whether it be 
possible to settle the point by thermal measures with the bolometer. 

Pakt 2. — Thermal Observations. 

To give an idea of the amount of heat at our disposition for experi- 
ment, and of the actual minuteness of the radiation which proceeds from 
even the most luminous tropical insect, we may say that if that rate of radi- 
ation from a lamp-black surface 1 square cm. in area, which represents 
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the amount of heat necessaiy to raise 1 gram of water, 1° Centigrade, in 
1 minute (i. e., one small calorie) be taken as unity, then the luminous 
radiation of the fire-fly's heat, per square cm. of exposed luminous sur- 
face, as we have found, is about 0'0004 calorie in 10'°°, and the total 
luminous radiation from the most powerfully illuminating light spot of 
the insect (the abdominal one) will not exceed 0"00007 calorie in the 
same time. But a small portion of this could fall upon the bolometer, 
and that which actually reached it during the time (10'°°) required for 
each observation, was sufficient only to affect an ordinary mercurial 
thermometer having a bulb 1°° in diameter by rather less than 0°-0000023, 
or by less than 4 ^ d^(, ^ o of one degree centigrade. 

We have just mentioned that the total amount of heat radiation upon 
which we have to make our investigation represents less than -nnnnrT 
calorie, while that portion of this which falls upon the apparatus would, 
in the time of one operation, only raise the temperature of an ordinary 
mercurial thermometer by less than 4 ^ f,^;, d degree, and we have first to 
notice the difficulty that in case invisible heat exists in company with 
the light (and it certainly does exist in ordinary emanations from the 
surface of any living creature independent of phosphorescence) we have, 
in this minute radiation, heat of two different kinds, both invisible and 
which it is yet indispensable for us to discriminate. 

We are helped to do this by the consideration that while the insect, 
like any non-luminous one, must emit " animal heat " from all its sur- 
face, its general surface temperature is certainly low, since it feels cold 
to the hand whose greater warmth excites it to shine. This heat then 
corresponds to a temperature much below 50° Cent., and such temper- 
atures must, as we have shown in other memoirs, be accompanied by the 
emission of waves whose length relegates them to quite another spectral 
region to that in which the invisible heat associated with light mainly 
appears. We can then discriminate the rays of this invisible " animal " 
heat without the formation of a heat spectrum by their inability to pass 
through a glass which transmits with comparative freedom radiant heat 
whose wave-length is less than 3*^ , the latter including the region where, 
if there be invisible heat radiated with the light, it must mainly lie. 

The heat in the spectral region of the infra-red Ave are considering, we 
know in advance must be, if it bear any sort of relation to the light, 
almost immeasurably small, and in fact it defied at first all attempts to 
obtain not merely a quantitative measurement, but even any certain 
experimental evidence of its existence. At last, upon July 24, with the 
arrival of a new stock of over two dozen insects and with the aid of ex- 
perience derived from previous failures, these heat measures were re- 
sumed. For the first described, the thoracic light is taken. 

The insect was placed 125™ from the mirror of 25"4°°' aperture and 
Y3.4»m focQg^ so that its image was formed at 178°" and enlarged about 
1.42 dianieters, when a small portion of it filled an aperture equal to the 
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bolometer employed, which was selected from the most sensitive of those 
used in previous researches in lunar heat and had an aperture of ig"'"". 
By the. preceding arrangement of the mirror an image of one of the tho- 
racic bright spots, with enough of the surrounding body to represent an 
area of about 13'" ■""', was enlarged to nearly the surface of the bolometer. 
Employing all the precautions taught by a multiplied experience, we 
obtained by a series of exposures of the bolometer to the insect radiation 
a series of small but real galvanometer deflections which represent the 
excess of total heat radiations from the insect over those from a metal 
plate of a temperature of about 25° C, forming the background. These 
heat radiations come jointly from the luminous spot (area 3 to 4»<i i™") 
and about 9"* """ of the surrounding body. To determine their characters 
we interposed a sheet of glass * which cut off all the observed heat. The 
heat from the luminous spectrum and from a spectral region below it 
extending to about 3'' (30,000 tenth meters) was known to be capable 
of passing through this glass. The evidence then is that there is no heat 
in the spectrum below this feeble radiation from the luminous thoracic 
region, sufficient to be capable of affecting the apparatus, though this 
was so sensitive as to promptly respond to the feeble body radiation 
from the somewhat larger section of the luminous and non-luminous 
surface. 

Continuation on Abdominal Heat. 

The insect's light then is unaccompanied (in the specimen suljject to 
this experiment) by any measurable heat, but to make it still more evi- 
dent that this is due to the absence of heat below the red (body heat not 
being in question) we now proceed to take an artificial flame, occupying 
the same area as the radiating luminous part of the insect, and to see 
whether heat is observed in it. If the flame be no brighter than the 
insect, and the heat be nevertheless observed in it when in the insect 
heat is lacking, it is obvious that in the latter case none is observed be- 
cause (sensibly) none is emitted, and this conclusion is reached a fortiori 
when the flame light is less than that of the insect. 

July 27. Through a circular aperture 2"5°'°' in diameter there was 
passed alternately the total radiant heat, and that transmitted by glass 
from a nearly non-luminous Bunsen flame, whose luminosity was very 
much fainter than that from the insects. On this day there seemed to be 
an exceedingly minute deflectiou averaging i of one division of the 
galvanometer scale from the total radiation of an equal portion of the 
abdominal light spot of the insect, while from the flame there was a 
mean deflection of 177'5 divisions, showing that the total heat radiation 
from an equal area of a less luminous flame was many hundred times 
that from the luminous area of the insect. 

* Described in the Memoir " On the Temperature of the Surface of the Moon," 
Mem. Nat. Acad, of Sciences, vol. iii, as " B." 
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Glass beina; interposed, the heat due to this flame radiation fell to 
14"5 divisions, or about 8 per cent of the original radiation, showing 
that of the quality of Bunsen flame heat immediately'' in question (that 
above 3** transmissible by glass) there was still something like 60 times 
that of the combined body and luminous radiation of. the insect in the 
far less luminous flame. Subsequently, by the use of a lens giving 
greater concentration, measurable indications of insect radiation above 
3^, and therefore distinct from any possible body heat, were obtained 
through glass, showing the flame radiation of this qualitj' from an equal 
area of the same intrinsic brilliancy — i. e., invisible heat and of long 
wave-length, but shorter than 3'' — -to be about 400 times that of the insect. 

These experiments were repeated with different luminous flames and 
with different insects on succeeding days. In some of them especially 
luminous insect specimens were secured, which, with favorable condi- 
tions of the galvanometer, gave very measurable deflections on the latter. 
By a similar use of the glass to that described, it appeared that flames 
whose intrinsic brilliancy is nearly comparable to that of a point below 
the middle of the candle flame, and whose total brilliancy is as exactly 
as possible comparable to that of the insect, give several hundred times 
the heat of the latter, even if we consider only that quality of heat which 
is found above S**, while if we compare the total radiations (i. e., those 
directly observed without the use of the glass) the contrast is still stronger. 

It follows that the insect light is accompanied by approximately one- 
four-hundredth part of the heat which is ordinarily associated with the 
radiation of flames of the luminous quality of those which were the sub- 
ject of experiment. This value is confirmed by other methods which 
we do not give here. It will conduce to a clearer comprehension of this 
if we exhibit in a series of curves derived from our observations the 
spectral distribution of one unit of energy in the gas-flame spectrum 
(plate in. Fig. 1) ; of the electric arc spectrum (plate III, Fig. 2) ; of the 
sun (plate V, Fig. 3), and of the insect (plate III, Fig. 4). In all these 
the abscissae are the same, the portion between 0''-4 and 0''-7 (violet to 
red) showing the part of the energy utilized in light, while that from 
O**-? to 3'' shows the part wasted as invisible heat. The energy in each 
case being the same, the areas are the same, except that owing to the 
relative importance of the light heat curve (Fig. 4) only about ^ of the 
latter can be shown in the limits of the plate. 

The curves in plate II deal with luminous intensity only, and give no 
means of drawing those economic conclusions which appear to follow 
from our experiments and which the curves in plate III supply. These 
curves (plate III) all exhibit the spectrum on the normal scale, from that 
easily visible, lying between 0'*-4 in the violet and 0''-7 in the red, then 
to 3'' near the limit of the glass transmission. In the case of the first 
three, representing spectra of the gas flame, the electric arc, and the sun, 
nearly all the energy lies above 3*^ . In that of the gas flame a consider- 
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able portion lies below S^Cand still more in that of the candle flame, if 
that were shown where most of the energy would lie below 3'' or outside 
the limits of the drawing). The curves, then, we repeat, represent equal 
amounts of energy (which without sensible error we may assume to be 
all exhibited as heat) and inclose equal areas. 

The total area represents in each case the expenditure of a unit of 
cost in thermal energy, the area between 0''4 and 0*'-7 the proportion of 
this utilized as light, though, as we have just stated, in the case of Fig. 4, 
the representative of the fire-fly spectrum, only a fraction of this can be 
shown (owing to the limits of the drawing). 

Resuming, then, what we have said, we repeat that nature produces 
this cheapest light at about one-four-hundredth part of the cost of the 
energy which is expended in the candle flame, and at but an insignifi- 
cant fraction of the cost of the electric light or the most economic light 
which has yet been devised, and that, finally, there seems to be no reason 
why we are forbidden to hope that we may yet discover a method (since 
such a one certainly exists and is in use on the small scale) of obtaining 
an enormously greater result than we now do from our present ordinary 
means for producing light. 

Appendix. 

Determination in Calories of the Heat in the Luminous {Ahdominal) Radia- 
tion of Pyrophorus noctilucus. 

The determination is reached by two steps : (1) The calibration of the 
galvanometer, so as to give the value of its division in calories, and (2) 
the inference from the observed deflection in divisions of the total of 
calories radiated. 

1. The bolometer, whose face occupied 0'19 sq. cm. (a), gave a deflection 
of 342 divisions (b) at a distance of 25 cm. (r) from a 5 cm. circular aper- 
ture filled by a blackened Leslie cube. Seen from the center of this 

aperture, the bolometer occupied, then -^ = 0-0000484 of the hemi- 
sphere, and would have received this fraction of the total radiation, ex- 
cept that being placed exactly opposite the radiating surface, more than 
the mean radiation fell on it in a proportion which calculation shows to 
be about i. The fraction of the total radiation which it actually received, 
then, was 0-0000645 (c). 
Accordingly the total radiation would have caused a deflection 

A = 5300000 divisions. 
c 

The surface of the cube was at a temperature of 99° Cent., and was 
limited by the diaphragm to an area of 196 sq. cm. (d). The total ra- 
diation from one centimeter, then, would have caused a deflection of 
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—7 = 270400 div. The temperature of the bolometer, which was that of 

the apartment, was 20° C. According to Dulong and Petit's law, the 
radiation from such a surface at 99° C. to one at 20° C. would be I'll cal. 
per minute (e), which does not greatly differ from our own independent 

min. 

determinations, and for 10'°°' = 0'167 (/) (the time of the galvanometer 

swing) it equals 6-185 (e/). Hence 4- = ^l^^^P = 1462000 div. is the 
^^ ^ ^•'^ cdej 0-185 

potentiality of work in 1 calorie, to be expressed in the swing of the 

cal. 

galvanometer needle, and 1 div. = 0-000000684. 

2. The galvanometer received the fire-fly radiation through a lens 
which occupied 0-00655 of a hemisphere, and would have transmitted 
this fraction of the total heat, except for its position, which caused it to 
transmit J more than the average, which is 0-00873 (.17). The measured 

div. ^ 

radiation from this fractional part gave 0'84 div. (h) and — = 96-2 div. 

is the deflection which would be given by the total abdominal emission, 
or 

96-2 X 0-000000684 = 0°-0000658. 
Since the luminous surface has an area of about i sq. cm., this corre- 

csl. 

sponds to a radiation of 0-00039 per sq. cm. of radiating surface in the 

0'0004 '"''■ 
time of the galvanometer needle's swing, or to — -. — = 0-0024 per sq. cm. 

per minute. 

(Taking the water-equivalent of the bulb of an ordinary mercurial 

thermometer 1 cm. in diameter at 0-25 we find 

0-84 X -000000684 _ f,o.oooo023, 
0-25 

showing that if such a thermometer were placed in the position occupied 
by the bolometer its rise during the time of the latter's exposure to the 
radiation of the insect would be between two and three one-millionths 
of a centigrade degree.) 

Note. 1901. 

These notes, added to the preceding article with the assistance of 
Dr. H. C. Bolton, are simply intended to point out some of the princi- 
pal additions to our knowledge of the subject which have appeared 
during the last ten years ; and they make no pretension to be in any 
sense a bibliography. 

About one year after publication of the preceding paper Dr. William H. 
Seaman, of Washington, wrote an article " On the Luminous Organs of 
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Insects " (Proc. Am. Soc. Micros., 14th meeting), in which he claims 
that the emission of light by these insects is connected with the process 
of oxidation. He says : " In several species of luminous insects the 
structure of the photogenic organs is specially adapted to secure the 
most copious supply of air throughout the substance of the gland," and 
he concludes that this peculiar structure is to enable the glands to pro- 
duce light by the action of oxygen, the energetic principle of the air. 

Lophin (CjiHjgN^) exhibits this phenomenon at the low temperature of 
10° C, in the presence of oxygen and alkalies. 

The identity of the light from living beings and that from carbon 
compounds has been established by spectroscopic observation. The 
caustic alkali, which is incompatible with organic life, can be replaced 
by cholin, neurin, and other bodies that are known constituents of living 
beings. 

The' quantity of these materials required to produce light is very 
small ; 1.82 grams of lophin dissolved in 25cc. strong alcoholic potash 
gave light for 20 days throughout its entire mass. 

The Russian experimenter extracted with ether from the bodies of 
380 Felagia noctiluca a thick yellow liquid that shone beautifully on 
shaking with an alkali. 

In 1893 Raphael Dubois,* whose monograph, " Les Elaterides lumi- 
neux " (Bull. Soc. Zoolog., 1886) has been cited, published a paper re-, 
cording his observations on a myriapod from Algeria, Orya barbarica 
(C. R., cxviii 184). He confirmed the statement of M. Gazagnaire, who 
had observed (in May, 1888) that the phosphorescent substance is secreted 
by these insects on the sternal and episternal plates as a yellowish 
viscid liquid. The excretion is distinctly acid, a fact that disproves, he 
says, the oxidation theory, and he gives to the substance the name 
" luciferine." 

Peter Schmidt, of St. Petersburg, published a paper in Russian " On 
the luminosity of Midges,'' which was reproduced in 1895, in the Annals 
and Magazine of Natural History (series 6, vol. 25, p. 133). Schmidt 
divides luminous insects into two classes : A, those provided with special 
luminous organs, and, B, those having luminous micro-organisms living 
upon them. He places midges in the latter group. 

In 1896 H. Muraoka examined lampyrid beetles collected in Kyoto, 
Japan, and found they emitted both actinic and Rontgen rays ; he noted 
reflection of the rays, but was unable to determine refraction, inter- 
ference, and polarization. Muraoka found the entire body actinically 
active, and to increase the light sprinkled the insects with water ; he also 
observed that the dead beetles were luminous when kept moist and when 
rubbed. (Wied. Ann. Phys., vol. 59, p. 773.) 

* See also paper by Dubois on Physiological Light in Smithsonian Report for 
1895. 
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No attempt is here made at a complete bibliography, but the follow- 
ing papers may be consulted by the reader : 

C. Verhoeff ; Zur Biologie von Phosphosnus hemipierus und Verwandten. Verh. Ver. 

Eheinlaiid, 1894, 208. 
W. L. Distant ; (Luminosity of Fulgoridee.) Trans. Entomol. Soc. London, 1895, 

429. 
A. S. Packard ; Phosphorescence of Organs of Insects. J. N. Y. Entomol. Society, 

1896, 61 . 
R. Dubois ; Les ceufs luniineuses et leurs larves. Legons de physiologie generales 

et comp. xii, Paris, 1898, p. 301. 

Besides these biologic sources of light, there have been discovered 
several kinds of mineral matter possessing the extraordinary power of 
emitting visible, actinic, and skiagraphic rays. Becquerel, in 1896, an- 
nounced that all salts of uranium, whether fluorescent or not, yield 
invisible radiations capable of discharging electrified bodies and of pro- 
ducing skiagraphic images on photographic plates ; and this property 
persisted even after long confinement in a double leaden box. 

Two years later Mme. Sklodowska Curie, of Paris, having examined a 
series of uranium minerals, found in pitchblende a substance emitting 
Becquerel rays, so called, 4,000 times stronger than uranium compounds, 
and named the element believed to be contained therein " polonium." 
A few months later M. and Mme. Curie announced a second body hav- 
ing similar properties ; this they called " radium." Not long after, a 
third element, " actinium," was added to the list. RadiCim, which is the 
best known, is analogous to barium and accompanies it in chemical 
reactions so closely that the two have not been satisfactorily separated. 

I have, with Dr. H. C. Bolton, verified the fact that the rays given out 
by small amounts of radium compounds not previously insolated yield, 
under favoring circumstances, photographic transparencies very clear in 
details ; they also exert chemical action, and they excite fluorescence in 
barium-platino-cyanide screens even through plates of vulcanite, alu- 
minium, etc., like Rontgen rays. These radio-active bodies have been 
studied by physicists and chemists for several years, but without suc- 
cess, in isolating the elements or in demonstrating the true source of the 
energy manifested. 
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THE LANGLEY AERODROME. 

I. NOTE PREPARED FOR THE CONVERSAZIONE OF THE AMERICAN INSTI- 
TUTE OF ELECTRICAL ENGINEERS, NEW YORK CITY, APRIL 12, 1901. 

What is popularly known as the "flying machine" is literally a 
machine, without gas to support it, in no way resembling a balloon, 
and which its inventor has called the Aerodrome. The Aerodrome 
(from words signifying "air runner") is, then, the name given to 
this apparatus by Mr. Langley to indicate the principle of its action, 
which in no way resembles that of a balloon that floats, because 
it is lighter than the air, while the aerodrome is hundreds of times 
heavier than the air. The weighty machine owes its support to another 
principle — that is, to the rapidity with which it runs over the air, like 
a skater on thin ice. The balloon in a calm remains indefinitely sus- 
pended over one spot. This machine, built almost entirely of steel, is 
far heavier in relation to the air than a ship of solid lead would be in 
relation to the water, and could not remain in the air if still. 

The essence of its action, then, is in its motion, without which it 
could not remain suspended. It is moved rapidly by a steam engine, 
carrying its own fuel and its water supply, by which it can be kept 
up indefinitely, while it is also, and by the necessity of its own action, 
rapidly advancing. 

This may all be admitted as probably true in theory, but it is not 
generally known that this has actually been done. 

The two large photographs are each about one-third the full size of 
one of several working models,^ each of which is driven by a steam 
engine of over li horsepower. This and other like models have re- 
peatedly flown distances of over half a mile, at a speed of from 20 to 
30 miles an hour. 

This actual result has not been advertised, and is comparatively little 
known, though these models are believed to have done something 
absolutely new in the history of the world. They are the product of a 
great many years of assiduous labor, and represent the condition of the 
experiments in Mr. Langley's hands up to the close of the year 1896, 
since which time he has made no public statement of his work, which is 
understood to be still going on in connection with experiments for the 
War Department in demonstrating the possible uses of the future 
aerodrome as an engine of war. 

^ Here shown in reduced size, Plates IV, V. 
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Reverting to the present models, they represent a machine whose 
weight is about 30 pounds, one-fourth of which is contained in the 
engine and machinery, which is of unexampled lightness. Within the 
small body, seen in the photograph suspended under the main rod, is 
contained everything for generating 1^ (bi-ake) horsepower, the total 
weight of fire grate, boiler, and every accessory being less than 7 
pounds. The engine, with its cylinders, pistons, and every moving 
part, weighs 26 ounces. This puts in motion the propellers, which, 
turning at a rate of between 800 and 1,200 revolutions per minute, 
drives the aerodrome at a speed which varies greatly, according to the 
inclination given to the motionless "wings." 

Mr. Langley, after a great many years of preliminary experiment on 
suppoi'ting surfaces, which he has described in his "Experiments in 
aerodynamics," first made a remarkable, and to the engineer, most para- 
doxical statement; namely, that in such aerial navigation as was there 
shown to be possible, under certain definite conditions the power 
required would in theory diminish indefinitely as the speed increased, 
and that it would actually diminish in practice up to a certain limit. 

This statement, which has since been called "Langley's law," is 
justified in practice, but the conditions which give this increase of 
speed with decrease of power are limited by others which demand 
that the flight should be made in safety and without that danger of 
accident which might come in applying rigorously exact theoretical 
conclusions without regard to the security of the flight. The actual 
speed which was obtained, then, was under conditions where security 
was chiefly sought. 

In the experiments which have hitherto been made, safety has accord- 
ingly been the fii"st consideration, and the "wings," or rather the 
motionless supporting surfaces, have been given such an inclination 
as to cause the speed to be limited to between 20 and 30 miles an hour. 
The machine has actually traveled very much faster than this, but its 
higher speeds have not been measured. 

The aerodrome was launched from a speciallj'- constructed house 
boat on the Potomac in a secluded spot about 30 miles below Wash- 
ington, and was supplied with water for a short course lest it should, 
in its uncontrolled flight, go altogether out of reach, and lose itself in 
the neighboring Virginia forests. The idea of making the flight over 
water from a house boat or raft may appear obvious when once stated, 
but like many simple results it was only reached after long experi- 
ment with other methods, and its utility has since been shown by its 
employment by others. There was no other reason why it should not 
fly for an indefinite time except the waste of water, which in the model 
had no provision for its renewal by condensation. This aerodrome, 
which is one of several which have flown considerable distances, per- 
formed this first flight on May 6, 1896, at a private trial of which Dr. 
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Alexander Graham Bell was the only witness. His contemporary 
statement may be found in the Comptes Rendus of the French Insti- 
tute, CXXII, May 26, 1896. 

A similar statement by him in the pages of Nature, May 28, 1896, 
vol. 54:, is as follows: 

Through the courtesy of Mr. S. P. Langley, Secretary of the Smithsonian Institu- 
tion, I have had on various occasions the privilege of witnessing his experiments 
with aerodromes, and especially the remarkable success attained by him in experi- 
ments made on the Potomac Eiver on Wednesday, May 6, which led me to urge him 
to make public some of these results. 

I had the pleasure of witnessing the successful flight of some of these aerodromes 
more than a year ago, but Professor Langley' s reluctance to make the results public 
at that time prevented me from asking him, as I have done since, to let me give an 
account of what I saw. 

On the date named two ascensions were made by the aerodrome, or so-called "fly- 
ing machine," which I will not describe here further than to say that it appeared to 
me to be built almost entirely of metal and driven by a steam engine, which I have 
understood was carrying fuel and a water supply for a very brief period, and which 
was of extraordinary lightne-ss. 

The absolute weight of the aerodrome, including that of the engine and all appur- 
tenances, was, as I was told, about 25 pounds, and the distance from tip to tip of the 
supporting surfaces was, as I observed, about 12 or 14 feet. 

The method of propulsion was by aerial screw propellers, and there was no gas or 
other aid for lifting it in the air except its own internal energy. 

On the occasion referred to the aerodrome at a given signal started from a plat- 
form about 20 feet above the water and rose at first directly in the face of the wind, 
moving at all times with remarkable steadiness, and subsequently swinging around 
in large curves of perhaps a hundred yards in diameter, and continually ascending 
until its steam was exhausted, when, at a lapse of about a minute and a half and at 
a height which I judged to be between 80 and 100 feet in the air, the wheels ceased 
turning, and the machine, deprived of the aid of its propellers, to my surprise did 
not fall, but settled down so softly and gently that it touched the water without the 
least shock, and was in fact immediately ready for another trial. 

In the second trial, which followed directly, it repeated in nearly every respect the 
actions of the first, except that the direction of its course was different. It ascended 
again in the face of the wind, afterwards moving steadily and continually in large 
curves accompanied with a rising motion and a lateral advance. Its motion was, in 
fact, so steady that I think a glass of water on its surface would have remained 
unspilled. When the steam gave out again it repeated for a second time the expe- 
rience of the first trial when the steam had ceased, and settled gently and easily down. 
What height it reached at this trial I can not say, as I was not so favorably placed as 
in the first, but I had occasion to notice that this time its course took it over a wooded 
promontory, and I was relieved of some apprehension in seeing that it was already 
so high as to pass the tree tops by 20 or 30 feet. It reached the water one minute 
and thirty-one seconds from the time it started, at a measured distance of over 900 
feet from the point at which it rose. 

This, however, was by no means the length of its flight. I estimated from the 
diameter of the curve described, from the number of turns of the propellers, as given 
by the automatic counter, after due allowance for slip, and from other measures, that 
the actual length of flight on each occasion was slightly over 3,000 feet. It is at least 
safe to say that each exceeded half an English mile. 

From the time and distance it will be noticed that the velocity was between 20 and 
25 miles an hour, in a course which was constantly taking it "up hill." I may add 
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that on a previous occasion I have seen a far higher velocity attained by the same 
aerodrome when its course was horizontal. 

I have no desire to enter into detail further than I have done, but I can not hut 
add that it seems to me that no one who was present on this interesting occasion 
could have failed to recognize that the practicability of mechaiiical flight had been 

demonstrated. 

Alexander Geaham Bell. 

No adequate pictures have been made of the actual flight of the aero- 
drome, which from the rapidity of its motion required very special 
preparation; but Dr. Bell made on the uniquely interesting occasion 
of the first flight some photographs with a small pocket camera, from 
which pictures have been taken. They are necessarily inadequate as 
pictures, but they distinctly exhibit the aerodrome as a distant and 
elevated object in the air. (PI. VI.) 

II. PAPER FROM m'cLURE'S MAGAZINE. 

[To partly satisfy a public curiosity which could not be altogether 
gratified, Mr. Langley wrote a wholly popular and untechnical account 
of the work which had gone on up to June, 1896, in McClure's Maga- 
zine. By the courtesj^ of the publishers he has been enabled to make 
considerable extracts from this article, which are reprinted here. 

Attached to the present paper is an entirely mechanical reproduction 
of an instantaneous photograph (Plate VI) taken by Dr. Alexander 
Graham Bell, showing the aerodrome in actual flight, and which has 
never before been published. The original was taken with a small 
pocket camera and has been very greatly enlarged for the present 
article. It is necessarily inadequate, considered as a picture, but it is 
uniquely interesting as giving a distinct exhibit of the aerodrome as 
a distant elevated object in the air. The woods beneath it are the 
trees on the secluded island of Chopawamsic, near Quantico, on the 
Virginia shore of the Potomac River about 30 miles below Washing- 
ton, where the flight occurred on May 6, 1896.] 

THE ' ' FLYING MACHINE. " ^ 

* * * Nature has made her flying machine in the bird, which is 
nearly a thousand times as heavy as the air its bulk displaces, and 
only those who have tried to rival it know how inimitable her work is, 
for the "way of a bird in the air" remains as wonderful to us as it 
was to Solomon, and the sight of the bird has constantly held this 
wonder before men's eyes and in some men's minds, and kept the flame of 
hope from utter extinction, in spite of long disappointment. I well 
remember how, as a child, when lying in a New England pasture, I 
watched a hawk soaring far up in the blue, and sailing for a long time 

'Reprinted, by permission, from McClure's Magazine, June, 1897. See also Story 
of Experiments in Mechanical Flight, by S, P, Langley, in Smithsonian Report, 
1897, pp. 169-181, 
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without any motion of its wings, as though it needed no work to sustain it, 
but was kept up there by some miracle. But, however sustained, I saw 
it sweep, in a few seconds of its leisurely flight, over a distance that to me 
was encumbered with every sort of obstacle, which did not exist for it. 
The wall over which I had climbed when I left, the road, the ravine I 
had crossed, the patch of undergrowth through which I had pushed 
my way — all these were nothing to the bird, and while the road had 
only taken me in one direction, the bird's level highway led every- 
where, and opened the way into every nook and corner of the land- 
scape. How wonderfully easy, too, was its flight! There was not a 
flutter of its pinions as it swept over the field, in a motion which 
seemed as effortless as that of its shadow. 

After many years and in mature life, I was brought to think of 
these things again, and to ask myself whether the problem of artificial 
flight was as hopeless and as absurd as it was then thought to be. 
Nature had solved it, and why not man ? Perhaps it was because he 
had begun at the wrong end, and attempted to construct machines to 
fly before knowing the principles on which flight rested. I turned for 
these principles to my books and got no help. Sir Isaac Newton had 
indicated a rule for finding the resistance to advance through the air, 
which seemed, if correct, to call for enormous mechanical power, and 
a distinguished French mathematician had given a formula showing 
how rapidly the power must increase with the velocity of flight, and 
according to which a swallow, to attain a speed it is now known to 
reach, must be possessed of the strength of a man. 

Remembering the effortless flight of the soaring bird, it seemed that 
the first thing to do was to discard rules which led to such results, and 
to commence new experiments, not to build a flying machine at once, 
but to find the principles upon which one should be built; to find, for 
instance, with certaintj'^ by direct trial how much horsepower was 
needed to sustain a surface of given weight by means of its motion 
through the air. 

Having decided to look for myself at these questions, and at first 
hand, the apparatus for this preliminary investigation was installed at 
Allegheny, Pa., about ten years ago. It consisted of a "whirling 
table" of unprecedented size, mounted in the open air, and driven 
round by a steam engine, so that the end of its revolving arm swept 
through a circumference of 200 feet, at all speeds up to 70 miles an 
hour. At the end of this arm was placed the apparatus to be tested, 
and, among other things, this included surfaces disposed like wings, 
which were hung from the end of the arm and dragged through the 
air till its resistance supported them as a kite is supported by the wind. 
One of the first things observed was that if it took a certain strain to 
sustain a properly disposed weight while it was stationary in the air, 
then not only to suspend it but to advance it rapidly at the same time 
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took less strain than in the fii-st case. A plate of brass weighing 1 
pound, for instance, was hung from the end of the arm by a spring, 
which was drawn out till it registered that pound weight when the arm 
was still. When the arm was in motion, with the spring pulling the 
plate after it, it might naturally be supposed that, as it was drawn 
faster, the pull would be greater, but the contrary was observed, for 
under these circumstances the spring contracted till it registered less 
than an ounce. When the speed increased to that of a bird, the brass 
plate seemed to float on the air, and not only this, but taking into con- 
sideration both the strain and the velocity, it was found that absolutely 
less power was spent to make the plate move fast than slow, a result 
which seemed vei'y extraordinary, since in all methods of land and 
water transport a high speed costs much more power than a slow one 
for the same distance. 

These experiments were continued for three years, with the general 
conclusion that by simply moving any given weight of this form fast 
enough in a horizontal path it was possible to sustain it with less than 
one-twentieth of the power that Newton's rule called for. In particular 
it was proved that if we could insure horizontal flight without friction, 
about 200 pounds of such plates could be moved through the air at the 
speed of an express train and sustained upon it, with the expenditure 
of 1 horsepower, sustained, that is, without any gas to lighten the 
weight, or by other means of flotation than the air over which it is 
made to run, as a swift skater runs safely over thin ice, or a skipping 
stone goes over water without sinking, till its speed is exhausted. 
This was saying that, so far as power alone was concerned, mechanical 
flight was theoretically possible with engines we could then build, since 
I was satisfied that boilers and engines could be constructed to weigh 
less than 20 pounds to the horsepower, and that 1 horsepower would, 
in theory at least, support nearly ten times that if the flight were hori- 
zontal. Almost everything, it will be noticed, depends on this; for if 
the flight is downward it will end at the ground, and if upward the 
machine will be climbing an invisible hill, with the same or a greater 
efi'ort than every bicycler experiences with a real one. Speed, then, 
and this speed expended in a horizontal course, were the first two 
requisites. This was not saying that a flying machine could be started 
from the ground, guided into such flight in any direction, and brought 
back to earth in safety. There was, then, something more than power 
needed; that is, skill to use it, and the reader should notice the dis- 
tinction. Hitherto it had always been supposed that it was wholly the 
lack of mechanical power to fly which made mechanical flight impossible. 
The first stage of the investigation had shown how much, or rather 
how little, power was needed in theory for the horizontal flight of a 
given weight, and the second stage, which was now to be entered upon, 
was to show first how to procure this power with as little weight as 
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possible, and, having it, how by its means to acquire thi.s horizontal 
tlight in practice; that is, how to acquire the art of flight or how to 
build a ship that could actually navigate the air. 

One thing which was made clear by these preliminary experiments, 
and made clear nearly for the first time, was that if a surface be made 
to advance rapidly, we secure an essential advantage in our ability to 
support it. Clearly we want the advance to get from place to place; 
but it pioves also to be the only practicable way of supporting the thing 
at all, to thus take advantage of the inertia of the air, and this point 
is so all-important that we will renew an old illustration of it. The 
idea in a vague sense is as ancient as classical times. Pope says: 

Swift Camilla scours the plain, 

Flies o'er the unbending corn, and skims along the main. 

Now, is this really so in the sense that a Camilla, by running fast 
enough, could run over the tops of the corn? 7/ she ran fast enough, 
yes; but the idea may be shown better by the analogous case of a 
skater who can glide safely over the thinnest ice if the speed is 
sufficient. 

Think of a cake of ice of any small size, suppose a foot squai'e. It 
possesses (like everything else in nature) inertia or resistance to dis- 
placement, and this will be less or more according to the mass moved. 
If the skater stands during a single second upon this small mass it will 
sink under him until he is perhaps waist deep in the water, while a 
cake of the same width but twice the length will yield only about half 
as readily to his weight. On this he will sink only to his knees, we 
may suppose, while if we think of another cake ten times as long as 
the first — that is, 1 foot wide and 10. feet long — we see that on this, 
during the same second, he will not sink above his feet. This is all 
plain enough; but now suppose the long cake to be divided into ten 
distinct portions, then it ought to be equally clear that the skater who 
glides over the whole in a second distributes his weight over just as 
much ice as though all ten were in one solid piece. So it is with the 
air. Even the viewless air possesses inertia; it can not be pushed 
aside without some effort; and while the portion which is directly 
under the airship would not keep it from falling several yards in the 
first second, if the ship goes forward so that it runs or treads on 
thousands of such portions in that time, it will sink in proportionately 
less degree; sink perhaps only through a fraction of an inch. 

Speed, then, is indispensable here. A balloon, like a ship, will 
float over one spot in safety, but our flying machine must be in motion 
to sustain itself, and in motion, in fact, before it can even begin 
to fly. 

Perhaps we may more fully understand what is meant by looking at 
a boy's kite. Everyone knows that it is held by a string against the 
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wind, which sustains it, and that it falls in a calm. Most of us remem- 
ber that even in a calm, if we run and draw it along it will still keep 
up, for what is required is motion relative to the air, however 
obtained. 

It can be obtained without the cord if the same pull is given by an 
engine and propellers strong enough to draw it and light enough to be 
attached to and sustained by it. The stronger the pull and the quicker 
the motion, the heavier the kite may be made. It may be, instead of 
a sheet of paper, a sheet of metal even, like the plate of brass which 
has already been mentioned as seeming, when in rapid motion, to float 
upon the air, and, if it will make the principle involved more clear, 
the reader may think of our aerodrome as a great steel kite made to 
run fast enough over the air to sustain itself, whether in a calm or in 
a wind, by means of its propelling machinery, which takes the place 
of the string. 

And now, having the theory of the flight before us, let us come to 
the practice. The first thing will be to provide an engine of unprece- 
dented lightness that is to furnish the power. A few years ago an 
engine that developed a horsepower weighed nearly as much as the 
actual horse did. We have got to begin by trying to make an engine 
which shall weigh, everything complete, boiler and all, not more than 
20 pounds to the horsepower, and preferably less than 10; but even 
if we have done this very hard thing we may be said to have only 
fought our way up to an enormous difficulty, for the next question 
will be how to use the power it gives so as to get a horizontal flight. 
We must then consider through what means the power is to be applied 
when we get it, and whether we shall, for instance, have wings oi' 
screws. At first it seems as though nature must know best, and that 
since her flying models, birds, are exclusively employing wings, this 
is the thing for us; but perhaps this is not the case. If we had imi- 
tated the horse or the ox, and made the machine which draws our 
trains walk on legs we should undoubtedly never have done as well as 
with the locomotive rolling on wheels; or if we had imitated the whale, 
with its fins, we should not have had so good a boat as we now have in 
the steamship with the paddle wheels or the screw, both of which are 
constructions that nature never employs. This is so important a point 
that we will look at the way nature got her models. Here is a human 
skeleton, and here one of a bird, drawn to the same scale (PL I). 
Apparently nature made one out of the other, or both out of some 
common type, and the closer we look the more curious the likeness 
appears. 

Here is a wing from a soaring bird, here the same wing stripped 
of its feathers, and here the bones of a human arm, on the same scale. 
Now, on comparing them, we see still more clearly than in the skeleton 
that the bird's wing has developed out of something like our own arm. 



'Jmithsonian Report, 1900. — Aerodrome. 



Plate I. 




A Wing from a soaring Bird. 




The Bones of a Bird's Wing and the Bones of a 
Human Arm, drawn to the same Scale, show- 
ing THE close Resemblance between them. 




The Skeleton of a Man and the Skel- 
eton OF A Bird, drawn to thf. same 
Scale, showing the curious Likeness 
between them. 
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First comes the humerus, or principal bone of the upper arm, which 
is in the wing also (PI. 1). Next we see that the forearm of the bird 
repeats the radius and ulna, or two bones of our own forearm, while 
our wrist and finger bones are modified in the bird to carry the feathers, 
but are still there. To make the bird, then, nature appears to have 
taken what material she had in stock, so to speak, and developed it 
into something that would do. It was all that nature had to work on, 
and she has done wonderfully well with such unpromising material; 
but anyone can see that our arms would not be the best thing to make 
Hying machines out of, and that there is no need of our starting there 
when we can start with something better and develop that. Flapping 
wings might be made on other principles, and perhaps will be found 
in future flying machines, but the most promising thing to try seemed 
to me to be the screw propeller. 

Some twenty years ago, Penaud, a Frenchman, made a toy, consist- 
ing of a fiat, immovable, sustaining wing surface, a flat tail, and a 
small propelling screw. He made the wing and tail 
out of paper or silk, and the propeller out of cork I 
and feathers, and it was driven directly by strands of I 
india-rubber twisted lamplighter fashion, and which •" ' "n. 
turned the wheel as they untwisted. L j 

The great difficulty of the task of creating a flying /n. 

machine may be partly understood when it is stated r^^^^ 
that no machine in the whole history of invention, pg^aud'a flying toy 
unless it were this toy of Penaud's, had ever, so far as (one-eighth of ac- 
I can learn, flown for even ten seconds; but something t^^^^^'^®)- 
that will actually fly must be had to teach the art of "balancing." 

When experiments are made with models moving on a whirling 
table or running on a railroad track, these di.ve> forced to move horizon- 
tally and at the same time are held so that they can not turn over; but 
in free flight there will be nothing to secure this, unless the air ship 
is so adjusted in all its parts that it tends to move steadily and hori- 
zontally, and the acquisition of this adjustment or art of "balancing" 
in the air is an enormously difficult thing, and which, it will be seen 
later, took years to acquire. 

My first experiments in it, then, were with models like these, but 
from them I got only a rude idea how to balance the future aero- 
drome, partly on account of the brevity of their flight, which only 
lasted a few seconds, partly on account of its irregularity. Although, 
then, much time and labor were spent by me on these, it was not pos- 
sible to learn much about the balancing from them. 

Thus it appeared that something which could give longer and steadier 
flights than India rubber must be used as a motor, even for the prelim- 
inary trials, and calculations and experiments were made upon the use 
of compressed air, carbonic-acid ga,s, electricity in primary and storage 
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batteries, and numerous other contrivances, but all in vain. The gas 
engine promised to be best ultimately, but nothing save steam gave 
any promise of immediate success in supporting a machine which would 
teach these conditions of flight by actual trial, for all were too heavy, 
weight being the great enemy. It was true also that the steam-driven 
model could not be properly constructed until the principal conditions 
of flight were learned, nor these be learned till the working model was 
experimented with, so that it seemed that the inventor was shut up in 
a sort of vicious circle. 

However, it was necessary to begin in some way, or give up at the 
outset, and the construction began with a machine to be driven by a 
steam engine, through the means of propeller wheels, somewhat like 
the twin screws of a modern steamship, but placed amidships, not at 
the stern. There were to be rigid and motionless wings, slightly 
inclined, like the surface of a kite, and a construction was made on 
this plan which gave, if much disappointment, a good deal of useful 
experience. It was intended to make a machine that would weigh 20 
or 25 pounds, constructed of steel tubes. The engines were made with 
the best advice to be got (I am not an engineer); but while the boiler 
was a good deal too heavy, it was still too small to get up steam for 
the engines, which weighed about 4 pounds, and could have developed 
a horsepower if there were steam enough. This machine, which was 
to be moved by two propelling screws, was labored on for many 
months, with the result that the weight was constantly increased 
beyond the estimate until, before it was done, the whole weighed over 
40 pounds, and yet could only get steam for about a half horsepower, 
which, after deductions for loss in transmission, would give not more 
than half that again in actual thrust. It was clear that whatever pains 
it had cost, it must be abandoned. 

This aerpdrome could not then have flown; but having learned from 
it the formidable diflaculty of making such a thing light enough, 
another was constructed, which was made in the other extreme, with 
two engines to be driven by compressed air, the whole weighing but 
5 or 6 pounds. The power proved insufficient. Then came another, 
with engines to use carbonic-acid gas, which failed from a similar 
cause. Then followed a small one to be run by steam, which gave 
some promise of success, but when tried indoors it was found to lift 
only about one-sixth of its own weight. In each of these the con- 
struction of the whole was remodeled to get the greatest strength and 
lightness combined, but though each was an improvement on its pre- 
decessor, it seemed to become more and more doubtful whether it 
could ever be made sufficiently light, and whether the desired end 
could be reached at all. 

The chief obstacle proved to be not with the engines, which were 
made surprisingly light after sufficient experiment. The great diffi- 
culty was to make a boiler of almost no weight which would give 
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steam enough, and this was a most wearying one. There must be also 
a certain amount of wing surface, and large wings weighed prohibit- 
ively, there must be a frame to hold all together, and the frame, if 
made strong enough, must yet weigh so little that it seemed impossi- 
ble to make it. These were the diflSculties that I still found myself in 
after two years of experiment, and it seemed at this stage again as if 
it must, after all, be given up as a hopeless task, for somehow the 
thing had to be built stronger and lighter yet. 

Now, in all ordinary construction, as in building a steamboat or a 
house, engineers have what they call a factor of safety. An iron 
column, for instance, will be made strong enough to hold five or ten 
times the weight that is ever going to be put upon it, but if we try 
anything of the kind here the construction will be too heavy to fly. 
Everything in the work has got to be so light as to be on the edge of 
breaking down and disaster, and when the breakdown comes all we 
can do is to find what is the weakest part and make that part stronger; 
and in this way work went on, week by week and month by month, - 
constantly altering the form of construction so as to strengthen the 
weakest parts, until, to abridge a story which extended over years, it 
was finally brought nearly to the shape it is now, where the completed 
mechanism, furnishing over a horsepower, weighs collectively some- 
thing less than 7 pounds. This does not include water, the amount of 
which depends on how long we are to run-; but the whole thing, as now 
constructed, boiler, fire grate, and all that is required to turn out an 
actual horsepower and more, weighs something less than one one-hun- 
dredth part of what the horse himself does. I am here anticipating; 
but after these first three years something not greatly inferior to this 
was already reached, and so long ago as that, there had accordingly 
been secured mechanical power to fly, if that were all — but it is not 
all. 

After that came years more of delay arising from other causes, and 
I can hardly repeat the long story of subsequent disappointment, 
which commenced with the first attempts at actual flight. 

Mechanical power to fly was, as I say, obtained three years ago; the 
machine could lift itself if it ran along a railroad track, and it might 
seem as though, when it could lift itself, the problem was solved. 1 
knew that it was far from solved, but felt that the point was reached 
where an attempt at actual free flight should be made, though the 
anticipated difliculties of this were of quite another order than those 
experienced in shop construction. It is enough to look up at the 
gulls or buzzards soaring overhead, and to watch the incessant rock- 
ing and balancing which accompanies their gliding motion, to appre- 
hend that they find something more than mere strength of wing neces- 
sary, and that the machine would have need of something more than 
mechanical power, though what this something was was not clear. It 
looked as though it might need a power like instinctive adaptation to 
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the varying needs of each moment, something that even an intelligent 
steersman on board could hardly supply, but to find what this was a 
trial had to be made. The first difficulty seemed to be to make the 
initial flight in such conditions that the machirxe would not wreck 
itself at the outset in its descent, and the first question was where to 
attempt to make the flight. 

It became clear, without much thought, that since the machine was 
at fiist unprovided with any means to save it from breakage on strik- 
ing against the ground, it would be well in the initial stage of the 
experiment not to have it light on the ground at all, but on the water. 
As it was probable that while skill in launching was being gained, and 
until after practice had made perfect, failures would occur, and as it 
was not desired to make any public exhibition of these, a great many 
places were examined along the shores of the Potomac and on its high 
bluffs which were condemned partly for their publicity, but partly for 
another reason. In the course of my experiments I had found out, 
among the infinite things pertaining to this problem, that the machine 
must begin to fly in the face of the wind and just in the opposite 
way to a ship, which begins its voyage with the wind behind it. 

If the reader has ever ..oticed a soaring bird get upon the wing he 
will see that it does so with the breeze against it, and thus whenever 
the aerodrome is cast into the air it must face a wind which may hap- 
pen to blow from the north, south, east, or west, and we had better 
not make the launching station a place like the bank of a river, where 
it can go only one way. It was necessary, then, to send it from some- 
thing which could be turned in any direction, and taking this need in 
connection with the desirability that at first the airship should light in 
the water, there came at last the idea (which seems obvious enough 
when it is stated) of getting some kind of a barge or boat and build- 
ing a small structure upon it which could house the aerodrome when 
not in use, and from whose fiat roof it could be launched in any direc- 
tion. Means for this were limited, but a little "scow" was procured, 
and on it was built a primitive sort of a house, one story high, and on 
the house a platform about 10 feet higher, so that the top of the plat- 
form was about 20 feet from the water, and this was to be the place of 
the launch (PI. II). This boat it was found necessary to take down the 
river as much as 30 miles from Washington, where I then was — since 
no suitable place could be found nearer — to an island having a stretch of 
quiet water between it and the main shore; and here the first experi- 
ments in attempted flight developed difficulties of a new kind — diffi- 
culties which were partly anticipated, but which nobody would probably 
have conjectured would be of their actually formidable character, which 
was such as for a long time to prevent any trial being made at all. 
They arose partly out of the fact that even such a flying machine as a 
soaring bird has to get up an artificial speed before it is on the wing. 
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Some soaring birds do this by an initial run upon the ground, and even 
under the most urgent pressure can not fly without it. 

Take the following graphic description of the commencement of an 
eagle's flight (the writer was in Egypt, and the " sandy soil" was that 
of the banks of the Nile): 

An approach to within 80 yards aroused the king of birds from his apathy. He 
partly opened his enormous wings, but stirs not yet from his station. On gaining a 
few feet more he begins to walk away with half-expanded, but motionless, wings. 
Now for the chance. Fire! A charge of No. 3 from eleven bore rattles audibly but 
ineffectively upon his densely feathered body; his walk increases to a run, he gathers 
speed with his slowly waving wings, and eventually leaves the ground. Rising at a 
gradual inclination, he mounts aloft and sails majestically away to his place of 
refuge in the Libyan range, distant at least 5 miles from where he rose. Some frag- 
ments of feathers denoted the spot where the shot had struck him. The marks of 
his claws were traceable in the sandy soil, as, at first with firm and decided digs, he 
forced his way ; but as he lightened his body and increased his speed with the aid of his 
wings, the imprints of his talons gradually merged into long scratches. The meas- 
ured distance from the point where these vanished to the place where he had stood 
proved that with all the stimulus that the shot must have given to his exertions he 
had been compelled to run full 20 yards before he could raise himself from the earth. 

We have not all had a chance to see this striking illustration of the 
necessity of getting up a preliminary speed before soaring, but many 
of us have disturbed wild ducks- on the water and noticed them run 
along it, flapping their wings for some distance to get velocity before 
they can fly, and the necessity of the initial velocity is at least as great 
with our flying machine as it is with a bird. 

To get up this preliminary speed many plans were proposed, one of 
which was to put the aerodrome on the deck of a steamboat, and go 
faster and faster until the head wind lifted it off the deck. This 
sounds reasonable, but is absolutely impracticable, for when the aero- 
drome is set up anywhere in the open air we find that the very slightest 
wind will turn it over, unless it is firmly held. The whole must be in 
motion, but in motion from something to which it is held till that criti- 
cal instant when it is set free as it springs into the air. 

The house boat was fitted with an apparatus for launching the aero- 
drome with a certain initial velocity, and was (in 1893) taken down the 
river and moored in tjje stretch of quiet water I have mentioned — the 
general features of the place being indicated on the accompanying 
map, page 215 — and it was here that the first trials at launching were 
made, under the difficulties to which I have alluded. 

Perhaps the reader will take patience to hear an abstract of a part 
of the diar}^ of these trials, which commenced with a small aerodrome 
which had finally been built to weigh only about 10 pounds, which had 
an engine of not quite one-half horsepower, and which could lift much 
more than was theoretically necessary to enable it to fly. The exact 
construction of this early aerodrome is unimportant, as it was replaced 
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later by an improved one, of which a drawing is given on page 213, but 
it was the first outcome of the series of experiments which had occupied 
three years, though the disposition of its supporting surfaces, which 
should cause it to be properly balanced in the air and neither fly up 
nor down, had yet to be ascertained by trial. 

What must still precede this trial was the provision of the apparatus 
for launching it into the air. It is a difficult thing to launch a ship, 
although gravity keeps it down upon the ways, but the problem here 
is that of launching a kind of ship which is as ready to go up into the 
air like a balloon as to go off sideways, and readier to do either than 
to go straight forward, as it is wanted to do, for though there is no 
gas in the flying machine, its great extent of wing surface renders it 
something like an albatross on a ship's deck — the most unmanageable 
and helpless of creatures until it is in its proper element. 

If there were an absolute calm, which never really happens, it would 
still be impracticable to launch it as a ship is launched, because the 
wind made by running it along would get under the wings and turn 
it over. But there is always more or less wind, and even the gentlest 
breeze was afterwards found to make the air ship unmanageable 
unless it was absolutely clamped down to whatever served to launch it, 
and when it was thus firmly clamped, as it must be at several distinct 
points, it was necessary that it should be released simultaneously at 
all these at the one critical instant that it was leaping into the air. 
This is another difficult condition, but that it is an indispensable one 
may be inferred from what has been said. In the first form of launch- 
ing piece this initial velocity was sought to be attained by a spring, 
which threw forward the supporting frame on which the aerodrome 
rested; but at this time the extreme susceptibility of the whole con- 
struction to injury from the wind and the need of protecting it from 
even the gentlest breeze had not been appreciated by experience. On 
November 18, 1893, the aerodrome had been taken down the river, 
and the whole day was spent in waiting for a calm, as the machine 
could not be held in position for launching for two seconds in the 
lightest breeze. The party returned to Washington and came down 
again on the 20th, and although it seemed that there was scarcely any 
movement in the air, what little remained was enough to make it 
impossible to maintain the aerodrome in position. It was let go, not- 
withstanding, and a portion struck against the edge of the launching 
piece, and all fell into the water before it had an opportunity to fly. 

On the 21:th another trip was made and another day spent ineffect- 
ively on account of the wind. On the 27th there was a similar expe- 
rience, and here four days and four (round-trip) journeys of 60 miles 
each had been spent without a single result. This may seem to be a 
trial of patience, but it was repeated in December, when five fruitless 
trips were made, and thus nine such trips were made in these two 
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months and but once was the aerodrome even attempted to be launched, 
and this attempt was attended with disaster. The principal cause lay, 
as 1 have said, in the unrecognized amount of difficultj'^ introduced 
even by the very smallest wind, as a breeze of 3 or i miles an hour, 
hardly perceptible to the face, was enough to keep the airship from 
resting in place for the critical seconds preceding the launching. 

If we remember that this is all irrespective of the fitness of the 
launching piece itself, which at first did not get even a chance for trial, 
some of the difficulties may be better understood; and there were many 
others. 

During most of the year of 1894 there was the same record of defeat. 
Five more trial trips were made in the spring and summer, during which 
various forms of launching apparatus were tried with varied forms of 
disaster. Then it was sought to hold the aerodromeout over the water 
and let it drop from the greatest attainable height, with the hope that 
it might acquire the requisite speed of advance before the water was 
reached. It will hardly be anticipated that it was found impracticable 
at first to simply let it drop without something going wrong, but so it 
was, and it soon became evident that even were this not the case a far 
-greater time of fall was requisite for this method than that at com- 
mand. The result was that in all these eleven months the aerodrome 
had not been launched, owing to difficulties which seem so slight that 
one who has not experienced them may wonder at the trouble they 
caused. 

Finally, in October, 1894, an entirely new launching apparatus was 
completed, which embodied the dozen or more requisites, the need for 
which had been independently proved in this long process of trial and 
error. Among these was the primary one that it was capable of 
sending the aerodrome off at the requisite initial speed, in the face of 
a wind from whichever quarter it blew, and it had many more facilities 
which practice had proved indispensable. (PI. 111.) 

This new launching piece did its work in this respect effectively, and 
subsequent disaster was, at any rate, not due to it. But now a new 
series of failures took place, which could not be attributed to any 
defect of the launching apparatus, but to a cause which was at first 
obscure, for sometimes the aerodrome, when successfully launched 
would dash down forward and into the water, and sometimes (under 
apparently identically like conditions) would sweep almost vertically 
upward in the air and fall back, thus behaving in entirely opposite 
ways, although the circumstances of flight seemed to be the same. The 
cause of this class of failure was finally found in the fact that as soon 
as the whole was upborne by the air, the wings yielded under the 
pressure which supported them, and were momentarily distorted from 
the form designed and which they appeared to possess. "Momen- 
tarily," but enough to cause the wind to catch the top, directing the 
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flight downward, or under them, directing it upward, and to wreck the 
experiment. When the cause of the difficulty was found, the cure 
was not easy, for it was necessary to make these great sustaining sur- 
faces rigid so that they could not bend, and to do this without making 
them heavy, since weight was still the enemy; and nearly a year passed 
in these experiments. 

Has the reader enough of this tale of disaster? If so, he may be 
spared the account of what went on in the same way. Launch after 
launch was successively made. The wings were finally, and after infi- 
nite patience and labor, made at once light enough and strong enough 
to do the work, and now in the long struggle the way had been fough* 
up to the face of the final difficulty, in which nearly a year more passed 
for the all-important difficulty of balancing the aerodrome was no 
reached, where it could be discriminated from other preliminary oney 
which have been alluded to, and which at first obscured it. If the 
reader will look at the hawk or any soaring bird, he will see that as 
it sails through the air without flapping the wing, there are hardly 
two consecutive seconds of its flight in which it is not swaying a little 
from side to side, lifting one wing or the other, or turning in a way 
that suggests an acrobat on a tight rope, only that the bird uses its 
widely outstretched wings in place of the pole. 

There is something, then, which is difficult even for the bird in this 
act of balancing. In fact, he is sailing so close to the wind in order 
to fly at all that if he dips his head but the least he will catch the wind 
on the top of his wing and fall, as I have seen gulls do, when they 
have literally tumbled toward the water before they could recover 
themselves. 

Besides this, there must be some provision for guarding against the 
incessant, irregular currents of the wind, for the wind as a whole — 
and this is a point of prime importance — is not a thing moving along 
all of a piece, like water in the Gulf Stream. Far from it. The wind, 
when we come to study it, as we have to do here, is found to be made 
of innumerable currents and countercurrents, which exist altogether 
and simultaneously in the gentlest breeze, which is in reality going 
fifty ways at once, although, as a whole, it may come from the east or 
the west; and if we could see it, it would be something like seeing the 
rapids below Niagara, where there is an infinite variety of motion in 
the parts, although there is a common movement of the stream as a 
whole. 

All this has to be provided for in our mechanical bird, which has 
neither intelligence nor instinct, without which, although there be all 
the power of the engines requisite, all the rigidity of wing, all the req- 
uisite initial velocity, it still can not fly. This is what is meant by 
balancing, or the disposal of the parts, so that the air ship will have a 
position of equilibrium into which it tends to fall when it is disturbed, 
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Preparing to launch the Aerodrome. 
From a photograph by A. Grahara Bell, esq. 



Smithsonian Report, 1900. — Aerodrome. 



Plate III. 




The Aerodrome in Flight, May 6, 1896. 
Two views from instantaneous photographs taken by A. Graham Bell, esq, 
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and which will enable it to move of its own volition, as it were, in a 
horizontal course. 

Now the reader may be prepared to look at the apparatus which 
finally has flown. (See diagram.) In the completed form we see two 
pairs of wings, each slightly curved, each attached to a long steel rod 
which supports them both, and from which depends the body of the 
machine, in which are the boilers, the engines, the machinery, and the 
propeller wheels, these latter being not in the position of those of an 
ocean steamer, but more nearly amidships. They are made sometimes 
of wood, sometimes of steel and canvas, and are between 3 and 4 feet 
in diameter. 

The hull itself is formed of steel tubing. The front portion is closed 
by a sheathing of metal which hides from view the fire grate and appa- 
i"atus for heating, but allows us to see a little of the coils of the boiler 




Diagram of the aerodrome. 

and all of the relatively large smokestack in which it ends. The coni- 
cal vessel in front is an empty float, whose use is to keep the whole 
from sinking if it should fall in the water. 

This boiler supplies steam for an engine of between 1 and li horse- 
power, and, with its fire grate, weighs a little over 6 pounds. This 
weight is exclusive of that of the engine, which weighs, with all its 
moving parts, but 26 ounces. Its duty is to drive the propeller 
wheels, which it does at rates varying from 800 to 1,200, or even more, 
turns a minute, the highest number being reached when the whole is 
speeding freely ahead. 

The rudder, it will be noticed, is of a shape very unlike that of a ship, 
for it is adapted both for vertical and horizontal steering. It is impos- 
sible within the limits of such an article as this, Kowever, to give an 
SM 1900 16 
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intelligible account of the manner in which it performs its automatic 
function. Sufficient it is to say that it does perform it. 

The width of the wings from tip to tip is between 12 and 13 feet, and 
the length of the whole about 16 feet. The weight is nearly thirty 
pounds, of which about one-fourth is contained in the machinery. The 
engine and boilers are constructed with an almost single eye to economy 
of weight, not of force, and are very wasteful of steam, of which they 
spend their own weight in five minutes. This steam might all be recon- 
densed and the water re-used by proper condensing apparatus, but this 
can not be easilj^ introduced in so small a scale of construction. With 
it the time of flight might be hours instead of minutes, but without it 
the flight (of the present aerodrome) is limited to about five minutes, 
though in that time, as will be seen presently, it can go some miles; but 
owing to the danger of its leaving the surface of the water for that of 
the land, and wrecking itself on shore, the time of flight is limited 
designedly to less than two minutes. 

I have spared the reader an account of numberless delays, from con- 
tinuous accidents and from failures in attempted flights, which pre- 
vented a single entirely satisfactory one during nearly three years 
after a machine with power to fly had been attained. It is true that 
the aerodrome maintained itself in the air at many times, but some 
disaster had so often intervened to prevent a complete flight that the 
most persistent hope must at some time have yielded. On the 6th of 
May of last year I had journeyed, perhaps for the twentieth time, to 
the distant river station and recommenced the weary routine of another 
launch, with very moderate expectation indeed; and when on that, to 
me, memorable afternoon the signal was given and the aerodrome 
sprang into the air '■ I watched it from the shore with hardly a hope 
that the long series of accidents had come to a close. And yet it had, 
and for the first time the aerodrome swept continuously through the 
air like a living thing, and as second after second passed on the face 
of the stop watch until a minute had gone by and it still flew on, and 
as I heard the cheering of the few spectators, I felt that something had 
been accomplished at last, for never in anj^ part of the world or in any 
period had any machine of man's construction sustained itself in the 
air before for even half of this brief time. Still the aerodrome went 
on in a rising course until, at the end of a minute and a half (for which 
time only it was provided with fuel and water), it had accomplished a 
little over half a mile, and now it settled rather than fell into the river 
with a gentle descent. It was immediately taken out and flown again 
with equal success, nor was there anything to indicate that it might 
not have flown indefinitely except for the limit put upon it. 

' The illustration from an instantaneous photograph by Mr. Bell, shows the machine 
after Mr. Reed, who was in charge of the launch (and to whom a great deal of the 
construction of the aerodrome is due), has released it, and when it is in the first 
instant of its aerial journey. (PI. III.) 
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I was accompanied by my friend, Mr. Alexander Graham Bell, who 
not only witnessed the flight, but took the instantaneous photograph 
of it which has been given. He spoke of it in a communication to the 
Institute of France [and in a similar comnmnication to Nature, given 
in full on page 199]. * * * 

On November 28 I obtained, with another aerodrome of somewhat 
similar construction, a rather longer flight, in which it traversed 
about three-quarters of a mile, and descended with equal safetj^.- In 
this the speed was greater, or about 30 miles an hour. The course of 
this date is indicated by the dotted line in the diagram. We may live 
to see airships a common sight, but habit has not dulled the edge of 
wonder, and 1 wish that the reader could have witnessed the actual 
spectacle. "It looked like a miracle," said one who saw it, and the 
photograph, though taken from the original, conveys but imperfectly 
the impression given by the flight itself. 




Diagram showing tlie course of the aerodrome in its flight ou the 
Potomac River at Quantico. 

And now, it may be asked, what has been done? This has been 
done: A "flying machine," so long a type for ridicule, has really 
flown; it has demonstrated its practicability in the only satisfactory' 
way — by actually flying — and by doing this again and again under 
conditions which leave no doubt. 

There is no room here to enter on the consideration of the construc- 
tion of larger machines, or to offer the reasons for believing that they 
may be built to remain for days in the air, or to travel at speeds higher 
than any with which we are familiar. Neither is thei-e room to enter 
on a consideration of their commercial value, or of those applications 
which will probably first come in the arts of war rather than those of 
peace; but we may at least see that these may be such as to change the 
whole conditions of warfare, when each of two opposing hosts will have 
its every movement known to the other, when no lines of fortification 
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will keep out the foe, and when the diflaculties of defending a country 
against an attacking enemy in the air will be such that we may hope 
that this will hasten rather than retard the coming of the day when 
war shall cease. 

I have thus far had only a purely scientific interest in the results of 
these labors. Perhaps if it could have been foreseen at the outset how 
much labor there was to be, how much of life would be given to it, and 
how much care, I might have hesitated to enter upon it at all. And 
now reward must be looked for, if reward there be, in the knowledge 
that 1 have done the best I could in a difficult task, with results which 
it may be hoped will be useful to others. I have brought to a close 
the portion of the work which seemed to be specially mine — the dem- 
onstration of the practicability of mechanical flight — and for the next 
stage, which is the commercial and practical development of the idea, 
it is probable that the world may look to others. The world, indeed, 
will be supine if it do not realize that a new possibility has come to it, 
and that the great universal highway overhead is now soon to be 
opened. 



Plate IV. 
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THE GREATEST FLYING CREATURE. 



By S. P. Langley. 

{Introducing a paper by F. A. Lucas.) 



A question of interest to all who are attracted to the subject of aerial 
navigation b}' flying machines (or things heavier than the air, and which, 
therefore, do not float like a balloon, but are dependent entirely on 
some mechanical power for their support) is, "What has nature her- 
self done in the way of large flying machines, and are the birds which 
we see now the limit of her ability to construct them ? " 

In former epochs of our planet's history there were larger flying 
creatures than now, notably the Pterodactyl, "a brother to dragons," 
a reptile rather than a bird, but a reptile with enormously great wings. 
We do not know just how great this was in the living creature, except 
conjecturally, for we hav^ only the skeleton. To take the expanse of 
the wing skeleton of a bird as giving us the expanse of wing of the 
actual bird would be to greatly underestimate it, the stretch of the 
skeleton being much less. The skeleton (which is all we have left of 
the Pterodactyl, a featherless reptile, and in that important respect 
different from a bird) will be more nearly in expanse that of the 
living creature. 

We have here in the illustration (PI. I) a larget' than ordinary speci- 
men of Ornithostoma, a Pterodactyl whose skeleton indicates a spread 
of wing of about twenty feet. 

It is compared with that of the condor, nearly the largest bird now 
on the planet. 

For my immediate purpose I will recall to the reader that birds are 
divisible into two classes: (1) those who soar with little motion of 
their wings, and yet in some mysterious manner keep their generally 
weighty bodies afloat on the yielding air, and (2) those who flap their 
wings. 

Ornithostoma belongs almost unquestionably to the first of these 
classes. Its weight is not to be exactly estimated, but from a A'ariety 
of considerations, part of which are quoted b}^ Mr. Lucas in the ensu- 
ing paper, it is possible that the average specimen of Ornithostoma, 
in spite of its great wing space, did not weigh over thirty pounds. 

649 
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Now we wish for our especial purpose of comparing this bird with 
other flying things, to Itnow («) the supporting area in square feet, {h) 
the weight, and (/) the power for (I) a flying machine of man's inven- 
tion, which has actuall}^ flown for comparatively long distances, (2) 
like facts for this the largest of nature's flying machines, and (3) for 
some of our present birds. To recapitulate, we need for our special 
purpose at least the following data for anj- flying thing, namely, (1) the 
supporting area in square feet, (2) the weight in pounds, and (3) the 
horsepower which drives it through the air. 

It is evidently impossible to exactly recover all of these for the 
Pterodactyl, and hard to definitely establish all three even in living 
specimens, luit we may assume in the case of the horsepower that it is 
proportioned to the area of the attachment of the muscles which moved 




Diagram of the Aerodrome. 

the bird in flight, an a.ssumption which is doubtless only approximately 
true, but may serve our immediate purpose. With this understand- 
ing I present, together with an instantaneous photograph of a steel 
flying machine in actual flight (PI. II) (repeated here from a previous 
publication), a diagram (Pis. Ill, IV) representing the above three 
facts in the case of (1) the flying machine, (2) the Pterodactyl (Ornitho- 
stoma), (8) the condor, and (4) the buzzard, all soaring things, and (5) 
the wild goose, (6) the pigeon, and (7) the humming bird, which last 
three fly by moving their wings. 

This steel flying machine shown in the instantaneous photograph 
had a supporting area of 54 square feet, a weight of 30 pounds, devel- 
oped 1\ horsepower, and repeatedly, flew from one-half a mile to 
three-quarters of a mile. These facts are represented in the diagram 
by the three rectangular figures whose areas are proportional to these 
values. Immediately after it comes nature's greatest flying machine. 



Smithsonian Report. 1901. — Greatest Flying Creature 



Plate II. 






Lanqley's Aerodrome No. 5 in Flight, May 6, 1896. 

From instantaneous photograph by A. Graham Bell, esq. 
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the Pterodactyl. This may have been quite 20 feet from tip to tip of 
wing. The paleontologist says that approximately the wing .surface 
was 25 square feet, the weight something like 30 pounds, and I infer 
from the consideration just quoted that the power was probably less 
than 0.05 horsepower; the immensely greater economy and eiBciency 
of nature in the respect of power being most strikingly shown by the 
size of the small rectangle as compared with that in the flying machine 
of man's invention. 

After this comes the condor, preeminently a soarer. Its stretch of 
wing is 9 to 10 feet, its supporting area very nearly 10 square feet, 
its weight 17 pounds, and the approximate horsepower it develops 
(inferred from the facts already stated) scarcely 0.05. 

Next comes the turkey buzzard, whose stretch of wing is 6 feet, 
its supporting ai-ea a little over 5 square feet, its weight 5 pounds, 
and the approximate horsepower it develops (as above) 0.015. 

All the above are soaring birds. 1 now pass to another order of 
birds, which flap their wings. The wild goose, with a supporting 
area of 2.7 square feet, has a weight of 9 pounds, and needs a propor- 
tionately greater power of nearly 0.026 horsepower to drive it, as 
against scarcely 0.02 horsepower in the last example. 

Next we have another familiar bird, the pigeon, which drives itself 
by flapping the wings. This has an area of about 0.7 of 1 square foot, 
a weight of 1 pound, and a horsepower of 0.012. 

Below this we come to the humming bird, whose area, being shown 
on the same scale as the others, is almost too small to be distinguished 
on the page, but which has a supporting surface of nearly 0.03 of 
a square foot, a weight less than 0.02 of a pound, and a horse- 
power of probably not over 0.001. (All these values, as we have 
already said, are but approximative.) 

Particular attention is to be paid to the fact that regarding the 
ratios of supporting surface to weight supported, these ratios are not 
only not the same in all the birds, but themselves differ greatly, but 
systematically, with the absolute weight. If we inquire how much 
1 horsepower would support, for instance, supposing the ratios of 
sustaining surface (i. e., wing area) to weight to be constant, we find 
that 1 horsepower would, in the flying machine, support 20 pounds 
with 36 square feet area of wing (i. e.. If square feet to a pound); 
and that, passing to the flapping birds, if the wild goose were to pre- 
serve the same relations on an enlai'ged scale, its 1 horsepower would 
support 346 pounds of weight with the use of 101 square feet of wing 
surface or 0.29 square feet to the pound; that in the pigeon 1 horse- 
power would support 83 pounds of weight with the use of 58 square 
feet of wing surface or 0.7 square feet to the pound, and that in the 
humming bird 1 horsepower would support 15 pounds of weight with 
the use of 26 square feet of wing surface or 1.73 square feet to the 
pound. So that, broadly speaking, so far as these few examples go, the 
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larger the creature the less relati\'e surface and power is needed for 
its support. 

From the obvious mathematical law that the area in bodies in gen- 
eral increases as the square of their dimensions, while their weight 
increases as the cube, it is an apparently plain inference that the larger 
the creature or machine the less the relative area of support may be 
(that is, if we consider the mathematical relationship, without reference 
to the question whether this diminished support is actually physically 
sufficient or not), so that we soon reach a condition where we can not 
imagine flight possible. Thus, if in a soaring bird which we may 
suppose to weigh 2 pounds we should find that it had 2 square feet of 
surface, or a ratio of a foot to a pound, it would follow from the law 
just stated that in a soaring bird of twice the dimension we should 
have a weight of 16 pounds and an area of 8 square feet, or only half 
a square foot of supporting area to the pound of weight, so that if 
flight is possible in the first case it would appear to be highly improb- 
able in the second. The difficulty grows greatei' as we increase the 
size, for when we have a creature of three times the dimensions we 
shall have twenty-seven times the weight and only nine times the 
sustaining surface, which is but one-third of a foot to a pound. This 
is a consequence of a mathematical law, from which it would appear 
to follow that we can not have a flying creature much greater than a 
limit of area like the condor, unless endued with extraordinary 
strength of wing. 

But this apparently' necessary mathematical consequence is not the 
law of nature, for while it is found that in the larger bird a smaller 
area for each pound of the weight is given under the law than in the 
smaller bird, it is also found (what is another thing) that this smaller 
area is nevertheless sufficient, and that from the mathematical law 
just cited there does not follow the apparently obvious consequence 
(notably in the larger creatures like the condor, perhaps less notably 
in such a creature as the Pterodactyl) that the bird can not be sup- 
ported, and while the fact is certain that it can, the cause of this does 
not seem to be clearly known. 

Special cases, it may be said, may furnish an exception to what in 
the nature of things must be the general rule. Such, however, again 
does not seem to be the fact. This anomaly which is even now not 
generally appreciated seems to have been first noticed by a French 
observer, M. de Lucy, who about 1868 published a memoir, which 1 
have not seen in the oiiginal, but an English translation of which was 
published in the Fourth Annual Report of the Aeronautical Societ}' 
of Great Britain for 1869, and an extract from which is here I'epro- 
duced. The same facts are given at greater length in an article by 
Dr. Karl Mullenhofl', of Berl'm, in the Archiv fiir die Gesammte 
Physiologic, Volume XXXV from which Plate V is taken, 
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M. de Lucy's table. 
[From the Fourth Annual Report of the Aeronautical Society of Great Britain for 1869, page 63.] 

INSECTS. 



Names. 



Gnat 

Dragon fly (small) 

Coccinella (ladybird) 

Dragon fly (common) 

Tipula, or daddy longlegs. 
Bee. 



Meat fly 

Drone (blue y 

Cockchafer 

Lucanus ..:3i;vus, stag beetle ffemale) . 
LucanT" J cervus, stag beetle (male) . . . 
Rhinoceros beetle 



Square 
feet of 
wing sur- 
face per 
pound of 
weight. 



49 
30 
26.6 
21.6 
14.5 
5.25 
5.6 
5.08 
5.15 
4.66 
3.75 
3.14 



Swallow 

Sparrow 

Turtle dove 
Pigeon 



2.72 
2.13 
1.25 



In this table each creature is supposed to be magnified or diminished 
in all its existing proportions till it weighs 1 pound. The surface 
dimensions of its wings will then be as given. 

The above insects and birds vibrate their wings and do not soar. 
The table shows that the law (i. e. , the law that the larger the creature 
the less the necessary relative area of support to a given weight) holds 
not only in the case of the large soaring bird, but in the case of smaller 
ones which flap their wings, and even in the case of insects. The 
explanation may be very near at hand, but it is not to me evident. 

The accompanying table, from Mouillard's L'Empire de L'Air, 
deals with the same facts, and exhibits the paradoxical law that the 
greater the creature the smaller the (relative) supporting surface : 

Table showing weight, wing area, and square feet of wing surface which sustains 1 poviid 

of weight. " 



Latin name. 



Scops zorca 

Accipiter nisus 

Larus melanocephalus 

Astur palumbarius 

Otus brachyotus 

Ibis falcinellus 

Corvus corax 

Milvus segyptiacus 

Pandion haliaetus 

Neophron percnopterus 

Catnartes aura 

Pelecanus onocrotalus 

Phoenlcopterus antiquorum 

Gyps fulvus 

Sarcorhamphus gryphus 

Otogyps auricularis 



Common name. 



Screech owl 

Sparrow hawk 

Black-headed gull , 

Gosshawk 

Short-eared owl 

Glossy ibis 

Raven 

Kite , 

Fishhawk 

Scaveiiger vulture. 

Turkej mzzard 

White pelican 

Flamingo 

Griffon vulture 

Condor 

Eared vulture 



Weight in 
pounds. 


Wing sur- 
face in 
square feet. 


0.33 


0.776 


.336 


.69 


— .619 


.92 


— .641 


.84 


— .67 


1.50 


— .806 


1.24 


— 1.34 


2.50 


— 1.41 


3.02 


— ■!. 80 


3.01 


— 3. 83 


3.65 


— 5.6 


5.33 


— 6. 66 


6.32 


— 0.'34 


3.50 


—16.52 


11.38 


—16.52 


9.80 


—17. 76 


11.99 



Square feet 
of wing 

surface per 
pound of 
weight. 



2.35 

2.05 

1.49 

1.31 

2.24 

1.54 

1.87 

2.14 

l.OS 

.96 

.95 

.95 

.55 

.68 

.59 

.68 



•Data compiled chiefly from Mouillard, L. P., L'Empire de L'Air, Paris, 1881. 
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The curve (Plate V) shows the same facts in a graphic form, and thej' 
seem to me to deserve a fuller explanation than has yet been given to 
them. 

I now invite the reader's attention to Mr. Lucas's interesting paper. 

S. P. Langlet. 



THE GREATEST FLriNG CREATURE, THE GREAT PTERODACTYL 
ORNITHOSTOMA. 



By F. A. Lucas, 

United States National Minffuiii. 



No one animal combines all the best features of weight, power, and 
wing area needed in a flying machine, for those with the greatest ex- 
panse of wing are by no means the heaviest and strongest, while the 
most powerful birds are not those of the longest sustained flight or 
those which fly to the best advantage if considered from an economical 
standpoint. The Frigate Bird, which is perhaps the bird of all others 
most at home in the air, lacks carrying capacity, being so far as mere 
muscle goes comparatively weak, sailing by skill and not hy strength. 
Birds of prey, on the other hand, which can carry away a quarry of 
very nearly their own weight, fly when they do this by labored strokes 
of their powerful pinions, with an apparent expenditure of considera- 
ble power, sailing or soaring only when not encumbered bj' extra 
weight. 

The Albatross, which has a maximum weight of 18 pounds and a 
spread of wing of 11 feet 6 inches, is the most notable example we 
have of long sustained flight in a heavy bird,"' and it is the more 
remarkable from the fact that as the wing is extremelj' narrow its 
area is very small, not exceeding 7 square feet. The surplus lifting 
power of this bii'd is quite small, since the wing muscles on whose 
area we must base our estimate of the amount of force exercised in 
flight are comparatively small. Both the Albatross and Frigate Bird, 
however, are of double interest from the very fact of their great ex- 
tent of wing and small amount of muscle, since they thus throw some 
light on the que- "lion of the length of wing that may bo manipulated 
with a given force. 

" Sailors Boinetimes catch -in Albatross, fasten to it a tag bearing the name of the 
ship, date of capture, latitude and longitude, and then release the bird. A specimen 
thus tagged and subsequently taken by another ship is preserved in the museum of 
Brown University, ghow'ng that in twelve days it had traversed a distance of at least 
:!,150 miles, probably more, since the .-ilbatross rarely flies in a direct line. 
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The Condor, and his cousin, the California Vulture, weigh about 
the same as an Albatross," but the broad, rounded shape of their wings 
gives them a much greater area, and this difference is, in turn, related 
to differences in flight, for the great vultures soar high in the air, 
while the Albatross skims the sea, rarel)^ rising to an elevation of 150 
feet. 

It is to be noted, however, that the question of food has something 
to do with the mode of flight, since the one bird seeks its food from 
the surface of the water, while the other mounts aloft to scan the earth 
in search of something eatable. 

Humboldt is credited with having seen a Condor soaring above the 
summit of Chimborazo; but that this or any bird ever attains -such an 
altitude'' is more than questionable, and Whymper, the most recent 
and most careful observer, puts the range of the great Vulture at from 
7.000 to 15,000 feet. 

The Condor is said to attain a spread of wing of 15 feet, but no bird 
of anything like this size is preserved in anj' collection, and even 10 
feet 6 inches from tip to tip may be looked upon as exceeding the 
normal or average size." As the Albatross averages 10 feet from tip 
to tip, and is said by good observers to reach 12 or even li f eet,"" it 
may be pretty safely set down as having the greatest stretch of wing 
of any animal now living. Certainly the Albatross stands first in length 
of wing bones, for these measure 8 feet 3 inches in the great wander- 
ing Albatross, while the bones of a large (Condor have a combined 
length of but 6 feet 1 inch. Moreover, the Albatross inhabits the 
wind-swept seas of the Southern Hemisphere, one of the stormiest 
regions of the globe, and is continuajly called upon to wield its pinions 
in the teeth of gales, and the successful manner in which this is done 
calls forth the admiration of the observer. 

So far as carrying weight is concerned, the Trumpeter Swan stands 
at or near the head of the list, for this bird attains a weight of 28 
pounds, and carries this far and fast with a spread of wing of 8 feet. 
Its mode of flight is entirely different from that of the Albatross, being 

■ ''A California Vulture, 1 year old, in the National Zoological Park, weighed 18i 
pounds. 

''Birds are known to migrate at a very considerable elevation, but it is believed 
that none have as yet been recorded so high as 4 miles. The height of Chimborazo is 
20,494 feet.. 

••A fine Condor from Patagonia had a spread of only 8 feet 8 inches, and the Cali- 
fornia Condor in the National Zoological Park at Washington measures but 9 feet 2J 
inches across the ivings. Like most large animals, Condors shrink wofully before a 
tape line. 

■■Tlie laj'gest of four Albatrosses measured by the writer had a sjiread of wings of 
only K> feet 3 inches, iiut these \Yt}re birds of 1 year and 2 years old, and many of 
the old liirds seen were certainly much larger. The ship's carpenter claimed to have 
measured a bird of 12 feet spread. 
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performed by powerful wing beats, while the latter bird rarely flaps 
its wings, but sails over the water with little apparent expenditure of 
muscular power. In default of these birds the Wild Goose {Bernida 
canadensis) and Turkey Buzzard may serve as representatives of differ- 
ences in method and apparatus of flight. 

The goose, like his relative the swan, flies by means of the strokes 
of his wings and carries a weight of 9 pounds, with a wing area of 
2.65 square feet and a muscle area of 8.84 square inches; the sailing 
buzzard, with a weight of 6 pounds, has a wing area of 5.3 square feet 
and a muscle area of 5.1ii square inches. Thus the one bird has 0.3 
square foot area of wing per pound of weight, while the other has 1.06 
square feet per pound of weight. Or, if we wish to compare the area 
of wing to the area of sternum, we may say that in the goose this 
ratio is 43 to 1 and in the buzzard 149 to 1. The minimum of wing 
area, both positively and comparativel}^, is reached in the humming 
birds, which may be typified by a species common in Barbados {Eulam- 
pis chlorolaemus). This little bird, weighing 0.015 pound, has a wing 
area of 0.026 square foot, and a muscle area of 0.33 square inch, a 
ratio of 11.4 to 1, while, if brought up to ounces, the wing area per 
ounce would be but 0.76 square inch. 

These differences are dwelt on at some length in the introduction to 
this paper, where they are graphically expressed by means of diagrams 
and compared with the weight, horsepower, and supporting area of 
a flying machine. 

The buzzard may be compared to a racing yacht with small hull and 
great spread of canvas; the humming bird, like a torpedo boat, is 
mainly engine. 

Mammals may be praoticallj^ left out of consideration in discussing 
large flying creatures, for while many of the bats fly with the utmost 
dexterity, none of them attain any considerable size, the largest of the 
fruit bats [Pterop-us edulis) weighing under 3 pounds and having a 
spread of wing of 5 feet. Almost everyone is acquainted with the 
rapid fluttering flight of small bats, and it need only be said that the 
large species fly with measured wing beats not unlike those of a crow. 

Such are some of the flying forms of to-day, and, with few exceptions, 
they seem not to have been exceeded by any creatures of the past. 
I-Ia?'j)ag()rnis, the extinct eagle of New Zealand, was larger and more 
powerful than any existing bird of prey, although the South American 
harpy eagle is a near second;" but the more notable exceptions were 
the great flying reptiles, or pterodactyls, which abounded on the shores 
of the inland sea that during Cretaceous time extended from the Gulf 
of Mexico up the Mississippi Valley and northwesterly through Kansas. 
And as the huge dinosaurs were the largest creatures that ever walked, 

" A specimen of this bird, ThrasaMus harpyia, in the National Zoological Park, 
weighs 192- pounds. 
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sathe greatest of these pterodactyls were the largest creatures that ever 
flew, their outstretched wings having a spread of 20 feet from tip to tip. 

There is one possible rival, a bird supposed to be a relative of the 
pelicans, described by Professor Cope under the name of Gyphomis; 
but as this bird is known from a small fragment only and its wing area 
very far from certain, Cyplimmis may be ruled out of competition. 

The greatest of the pterodactyls, Ornithostoma ingens (PI. VI), has 
been described at some length by Prof. S. W. Williston, of the State 
University of Kansas, and from his articles have been taken the facts 
relating to this curious creature that are herein embodied. 

The great moa marks one extreme of specialization, the dispropor- 
tionate size of the hind as compared with the fore limbs, for this big 
bird had legs 6 feet long and no fore legs at all ; Ornithostoma marks 
the other extreme with a wing 9 feet in length and a leg so small and 
weak as to be of little use save for spreading the wing membrane. 
For, like other pterodactyls, whose wings are accurately known from 
their impressions in the fine-grained lithographic stone of Solenhofen, 
this species doubtless had a membranous wing something like that of 
a bat. As for the body, being that of a reptile, it must have been 
naked and possibly covered with small scales like those on the body of 
an iguana, no that on a small picture the skin ^vould appear quite 
smooth. While the body was small in comparison Avith the extent of 
wing, the head, which was principally beak, was very nearly 4 feet 
long, extending backward to form a large but thin crest. This has a 
direct relation to the enormous length of the beak, since it furnished 
a point of attachment for muscles whose pull counterbalanced the lever- 
age of the front part of the head. The beak was dagger-like, being- 
very narrow, pointed, and quite toothless. Whether this beak was 
covered with a thin, hard skin, like the epidermis on the head of a 
crocodile, or with horn, like the bill of a bii'd, is not positively deter- 
mined, but the weight of evidence is in favor of the former, since none 
of the pterodactyls yet found show any traces of a horny bill. In the 
peculiar shape of the lower, back portion of the beak there is a sug- 
gestion of the former presence of a small pouch, like that found in 
cormorants, and this would be in accord with the supposed fish-eating 
habits of Ornithostoma. Like other animals with long, narrow wings, 
Ornithostoma doubtless sailed somewhat after the manner of the alba- 
tross. This is inferred not only from the size and shape of the wing, 
but from the comparatively small size of the breastbone, to which 
were attached the muscles used in flight. Hirds which fly by strokes 
of their pinions have the breastbone deeply keeled to furnish room for 
the attachment of the wing muscles, and the size of this keel is in 
direct relation to the rapidity of the wing strokes, reaching its maxi- 
mum in the humming birds, in which the wings are vibrated so rapidly 
as to be invisible. Birds which sail have the breas't muscles much 
SM 1901 42 
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reduced, and the extrenie of reduction is found in the frigate bird, 
which, with a spread of wing of 6 feet 4 inches, has a muscular area 
of only 3.50 square inches." 

There is another point in the anatomy of Ornithoatoina besides 
length of pinion that lends strength to the supposition that it sailed 
and this is found in the structure of the fore limb. It was pointed out 
by Mr. Huffaker that in spite of the deficiency of muscle shown by 
soaring birds the support of the wing was very strongly built; thus the 
frigate bird with its small breastbone has the bones of the shoulder 
joint firmly united with one another and with the breastbone. In the 
albatross strength is gained by shortening and widening the bone to 
which the wing is directly fastened and giving it a broad base for 
attachment to the breastbone. In the great pterodactj'ls strength 
was obtained bj^ bracing the shoulder blade against the backbone, in the 

manner shown in the diagram; thus the 
bodjr, so to speak, was slung from the 
wings. In addition, three sections of 
the backbone were united in one piece 
in order to give a firm point of attach- 
ment, the whole arrangement curiously 
suggesting the fore leg of a turtle. 

In spite of its great extent of wing, 
Ornithodoiiut was not a heavy animal, 
possibly not so heavy as the trumpeter 
swan, for the body was small and the 
bones reached the extreme of lightness, 
being far 1 ighter than in any bird. This 
may be api)rcciated bj- quoting Professor Williston's remark that the 
bones were almost papery in their character, one of the finger bones 
:3<i inches long and i) inclies in diameter being no thicker than a cylin- 
der of blotting paper. The same authority, basing his estimate on ttiis 
extreme lightness of structure and the small size of the body, places 
the weight of one of these pterodactyls at only 25 pounds, and with 
this weight and its great spread of wings the creature must have flown 
as lightly as u butterfly. Even if Ave increase the estimated weight by 
20 per cent, we have a creature weighing but 30 pounds, so that the 
body was CNcn more an appendage to the wings than in the frigate 
bird, and seems to haxc ))ccn just hea\'y enough to counterbalance the 
weight of head and neck and insure equilibrium. 

"This IS .stated with soiiie ln-sitant-y, as no sternum of alarge albatross is available, 
anil It may be that, all tilings fonsidered, the albatross has the least amount of wing 
mut^cle. The ratio of «ing nuisrle to wing is smaller in the turke\' buzzard than in 
the frigate bir.1, being, respectively, 1:125 and 1:114, this owing to "the much broader 

ither hand, the great, humming bird {Palagona gir/oi) 




How the wing of Oniil/i'inlmiia is sup- 
ported. 
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A.s Ornitliostoma was capable of long sustained flight, and as its bones 
are found under conditions indicating that it went far out to sea, it is not 
improbable that it fed largel}' or entirely on fish. That they formed a 
part of its diet is certain, for fish bones and scales are found with the 
remains of ptei'odactyls, and it is easy to imagine this great reptile 
gliding over the sea, with outspread wings, snatching up fish right and 
left with its long l)euk as easily as a museum assistant picks them out 
of a jar of alcohol with a pair of forceps. The bird in the foreground 
is represented in our illustration as just turning to its right, the left 
wing being advanced and raised to cause the turn. 

AVith its small body and enormous wings Ornitliostoma may be 
looked upon as the king of flying creatures, and as more highly spe- 
cialized than any fl3'ing animal before or since his time. 

Finally, it is an interesting question as to whether or not the con 
dor, the albatross, iind the pterodactyl mark the limit of size attain- 
able by flying creatures — are the mechanical difficulties in the way of 
using wings so great that evolution stops at a weight of 30 pounds and 
a spread of wing of 20 feet? Would animals above that size have 
trouble in manipulating their wings and be unable to compete with 
smaller and more active forms, or is it that the exigencies of life have 
never called for the development of a larger creature ': 

These are queries that may not be settled offhand, and it may only 
be said that the vast majority of birds are small and agile, and that, 
although birds and pterodactyls flew side b}- side over the Cretaceous 
seas and shores, the birds never reached the size of their reptilian 
associates, and, so far as we know, these mark the limit of size among 
flying animals. 
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We say that nature is unchanging, and so perhaps it is, in the eye 
of some eternal being, but not in ours, for the things that we see from 
day to day, appear permanent only by comparison to the duration of 
our own brief life, and our own little experience. 

An inhabitant of the land where nature has just passed through such 
an awful convulsion, with a loss of life greater for so short a time 
than history has ever recorded, might have said in ':he morning that 
nature never changes, because it had never changed in his own little 
experience; but he would not have said so at that day's close. Now 
the experience of the entire human race is far briefer relative to 
nature's duration than that of one of these islanders, who knew the 
green mountain with its fresh lakes only as a place of quiet rest up to 
the moment when the gates of hell were opened beneath it. 

Nature, then, really changes, and would apparently do so if man 
were not here; for it is not man's varying thoughts about nature that 
make her change. But there is something quite different from nature 
which does change because of man, and which apparently would not 
change if he were not here. This is what he calls the ' laws of nature.' 
The assumption that there are such things is due to him, and such 
'laws' are known only through his mind, in which alone nature is 
seen. 

It is perhaps an hard saying to most that there are no such things 
as 'laws of nature'; but this is the theme on which I have to speak. 

These, then, are the laws of his own mind, or the eflP ects of his own 
mind, which he projects outside of himself and imagines to be due to 
some permanent and unalterable cause having an independent existence; 
and this, not only because his season for observation is but a moment in 
the passage of nature's eternal year, but because with his pathetic sense 
of his own weakness, he would gladly stay himself on the word of some 
unchanging being. It is because this sense of dependence is strangely 
joined with such self-conceit that when he listens to what he himself 
says, he calls it the voice of God. From these twin causes, arising both 
from his inability as a creature of time to observe what is eternal, and 

"A paper read before the Philosophical Society of Washington, May 10, 1902. 
SM 1901 35 545 
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again from his own overweening sense of his own capacity, he looks 
for some immutable being whom he believes to have written man's 
own ideas in what he calls 'the book of nature.' 

I am not questioning the existence of such a being as the 'Author of 
Nature ' ; but asking if such a volume as is imputed to him, ever really 
existed. The very phrase, ' book of nature ' is a legacy from moribund 
mediaeval notions of a lawgiver; and it, with the vitality of words 
which carry to us dying ideas, has lived on to our own time, when we 
can no longer believe it, although it is still upon our lips, and to con- 
vince ourselves of this we need only pause a moment to ask the 
simple question whether there is any authority who has prepared a 
clearly written book of statutes, in which we can really read nature's 
laws. 

The question answers itself. 

I repeat that I am not denying here the existence of such a being as 
the imputed author of these laws, but say that, ignorant as we are of 
what is being done by him, we cannot read his thoughts in. our 
momentary vision of what is forever passing. I 

"For my thoughts are not your thoughts, neither are your ways 
my ways, saith the Lord," is a caution which, whether believers or not, 
would not harm us to consider; and when we say that these 'thoughts' 
are written in 'the book of nature,' this cannot mean that they are 
legible there as in a statute book where he who runs maj' read. If 
nature is to be compared to a book at all, it is to a book in the hands of 
infants to whom it conveys little meaning, for such are we; or rather 
it is like a 'book of celestial hieroglyphs, of which even prophets are 
happy that they can read here a line and there a line. ' 

I hope what I am trying to say may not bear the appearance of 
some metaphj'sical refinement on common sense. It is common sense 
that is intended, and the 'laws of nature' that seem to me to be a 
metaphysical phrase. 

To decorate our own guesses at nature's meaning with this name 
is a presumption due to our own feeble human nature, which we can 
forgive for demanding something more permanent than itself, but 
which also leads us to have such an exalted conceit of our own opinions, 
as to hide from ourselves that it is these very opinions which we call 
nature's laws. 

The history of the past shows that once, most philosophers, even 
atheists, thus regarded the ' Laws of Nature,' not as their own inter- 
pretations of her, but as something external to themselves, as entities 
partaking the attributes of Deity — entities which they deified in print 
with capital letters — as we sometimes do still, though these 'Laws' 
now are shorn of 'the glories of their birth and state' which they 
once wore, and are not turning out to be 'substantial things.' 

But are there not really things (like the fact of gravitation, for 
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instance) externa, to ourselves, which would exist wnether we were 
here or not, and which are part of the order of nature ? Apparently, 
yes, but part of the laws of nature, no! 

The phrase even yet exercises a wide influence, though it has seemed 
to me that a significant change is taking place in the leaders of com- 
mon opinion with regard to the meaning that the words convey. 

I presume that the greater proportion of us here are interested in 
science. I may indeed assume that we all are; and I want to inquire 
what lesson for us, as students of nature, there lies in the fact that we 
are no longer impressed by her ' laws ' as were the scientific men of a 
former generation. 

It is convenient to measure the distance we have passed over by the 
fact that one hundred and fifty years ago, one of the acutest of reason- 
ers, David Hume, published a still celebrated argument against mir- 
acles which within my own recollection was held to be so formidable 
that those who were reluctant to believe in his conclusions were still 
unable to offer a good refutation. The immense number of attempted 
refutations and their contradictory character is perhaps the best testi- 
mony for this. 

Hume defines a miracle as a violation of the ' laws of nature,' and 
his argument, concisely stated, is that there must ' be a uniform expe- 
rience against every miraculous event, otherwise the event would not 
merit that appellation, and as a uniform experience amounts to a 
proof, there is here a direct and full proof from the nature of the fact 
against the existence of any miracle.' 

Now, while his argument is logically as conclusive as ever, it to-day 
convinces only those who are anxious to accept its conclusion. 

What is the reason for this great change? 

We may ask what the laws of nature really are, and pass from what 
they were thought to be by Hume, to what they are beginning to be 
understood to be by us, without here inquiring into the intermediate 
steps which brought the change about. 

It seems to me that the argument which was conclusive not merely 
to the learned, but to the common cultivated thought of Hume's time, 
has never been expressl}^ refuted when its premises were admitted, 
(and the generation following him admitted them); and j'^et this com- 
pelling argument, as it once seemed, is gradually losing its force to 
most minds, not through counter argument, but by an insensible 
change of opinion in the attitude of the thinking part of our public as 
compared with his, a change about certain fundamental assumptions 
on which the argument rested, and from his own views of the universe, 
to those we are beginning to take. 

In the first place, the immensely greater number of things we know 
in almost every department of science beyond those which were 
known one hundred and fifty years ago has had an effect which 
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doubtless could have been anticipated, but 3'et which we may not have 
wholly expected. It is, that the more we know, the more we recog- 
nize our ignorance, and the more we have a sense of the mystery of 
the universe and the limitations of our knowledge. 

I believe it may be said that if not to Hume, at any rate to the 
majority of those about him, and to his later contemporaries, there 
was very much less mystery in the world than we see in it, and if it 
were then still occasionally said that there were ' ' things in heaven and 
earth not dreamt of in 'their' philosophy," these words must have 
struck on the self-complacent minds of his generation, as something to 
be tolerated as poetic license, rather than as accurate in philosophic 
meaning. Compared with ours, that whole century was satisfied with 
itself and its knowledge of the infinite, and content in its happy belief 
that it knew nearly everything that was really worth knowing. This 
'nearly everything' which it thought it knew about the universe, it 
called the 'laws of nature.' 

It was to this belief in the general mind, I think, that the success of 
Hume's argument was due. 

The present generation has begun, if not to be modest or humble, 
to be somewhat less arrogant in the assumption of its knowledge. We 
are perhaps beginning to understand, not in a purely poetical sense, 
but in a very real one, that there may be all around us in heaven and 
earth things beyond measure, of which 'philosophy' not only knows 
nothing, but has not dreamed. 

As a consequence of this, there is growing to be an unspoken, rather 
than clearly formulated admission, that we know little of the order of 
nature, and nothing at all of the ' laws' of nature. 

Now if we are, at present at least, disposed to speak of an observed 
•order' of nature (not carrying with it the implication of necessity 
denoted by 'law'), I think we have some reason to say that there is a 
prescience of a change in common thought about this manner, and 
that it is owing to this that we are coming to be where we are. 

I do not know that there is a less wide. belief in the gospel miracles 
in our day, but if it were so, the decline in the weight given Hume's 
argument is not due solely to that, for it may surely be said that it 
was not merely an argument against gospel miracles, but against all 
the prodigies to be found in history, sacred and profane, where he 
doubtless had in mind traditions of- stones falling out of heaven, cures 
wrought by psychological agency, and the like, all ' superstitions' to 
the men of his day, who, if they no longer believed in a deity, were 
none the less shocked by the culpable existence of such vulgar beliefs 
in conflict with the deified 'laws of nature,' while such 'supersti- 
tions' have in our day become subjects of modest inquiry. 

Let me quote from a later writer, whose point of view is singularly 
different from that of Hume and his contemporaries, and who in 
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answer to the question, 'What is a miracle?' begins by reminding us 
that the reply will depend very much upon the intelligence of the 
being who answers it, or whom the miracle is wrought for. 

"To my horse, do I not work a miracle every time 1 open for him 
an impassable turnpike?" 

" ' But is not a real miracle simply a violation of the laws of nature ? ' 
ask several. What are the laws of nature? ' Is it not the deepest law 
of nature that she be constant?' cries the illuminated class. 'Is not 
the machine of the universe fixed to move by unalterable rules?' 

"1 believe that nature, that the universe, which no one whom it so 
pleases can be prevented from calling a machine, does move by the 
most unalterable rules. And now I make the old inquiry as to what 
those same unalterable rules, forming the complete statute book of 
nature, may possibly be? 

'"They stand written in our works of science,' say you; 'in the 
accumulated records of man's experience. ' Was man with his experi- 
ence present at the creation, then, to see how it all went on? Have 
any deepest scientific individuals yet dived down to the foundations of 
the universe and gauged everything there? Alas, these scientific 
individuals have been nowhere but where we also are; have seen some 
handbreadths deeper than we see into the deep that is infinite, without 
bottom as without shore." 

"Philosophy complains that custom has hoodwinked us from the 
first; that we do everything by custom, even believe by it; that our 
very axioms, boast as we may, are oftenest simply such beliefs as we 
have never heard questioned. Innumerable are the illusions of custom, 
but of all these perhaps the cleverest is her knack of persuading us 
that the miraculous, by simple repetition, ceases to be miraculous! " 

A lesson for us, as people who are most of us interested in science, 
as to how little its most fixed conclusions may be worth, may perhaps 
be conveyed in an example. A century and a half ago, when the new 
science of chemistr}'^ won its first triumphs, the fundamental discovery 
which was to illuminate the whole science, the settled acquisition 
which it seemed to have brought to us, the thing which was going to 
last, wa,s 'phlogiston.' 

This had everything to recommend it in universal acceptance and in 
what seemed to the foremost men of the time its absolute certainty. 

"If any opinion," saj'S Priestley, "in all the modern doctrine con- 
cerning air be well founded, it is certainly this, that nitrous air is 
highly charged with phlogiston. If I have completely ascertained 
anything at all relating to air, it is this." 

I am trying here to say that all laws of nature are little else than 
man's hypotheses about nature. 

Phlogiston was then to the science of a former age, in this sense a law 



550 THE LAWS OF NATURE. 

of nature, and at least as great a generalization as the kinetic theory 
of gases is to us; as widelj^ accepted, as lirmly believed and as cer- 
tainly known — but what has become of it now 'i 

Can we tell, then, in advance, by any criterion, what a ' law of 
nature' is? 

With a curious begging of the question some answer, ' Yes, for laws 
of nature have this distinction, that they have never been disproved.' 
As if one were to say. Yes, because when they are disproved we deny 
that they are laws of nature! 

Those of us who are capable of being instructed or warned by the 
history of human thought may, then, ask what kind of a guarantee 
are we to have for any other ' fact' of our new knowledge ? May they 
not — all these ' facts ' — be gone like the baseless fabric of this vision, 
before another hundred years are passed ? 

The physical sciences seem to have had less change in their theories 
than the mighty displacements in other branches of natural knowledge, 
but it is a truism to say that all are changed, and it should be a truism 
to add that the ' laws of nature ' are not to us what they were a hun- 
dred years ago. 

1 repeat that of the ' order' of nature we may possibly know a little; 
but what are these ' laws ' of nature 'i What celestial act of congress 
iixed them ? In what statute book do we read them ? What guaran- 
tees them? Our mistake is in believing that there is any such thing, 
apart from our own, fallible judgment, for the thing which the 'laws 
of nature ' most absolutely forbid one generation to believe, if it only 
actually happens, is accepted as a part of them by the succeeding. 

Suppose that a century ago, in the year 1802, certain French 
Academicians, believing like everyone else then in the 'laws of 
nature,' were invited, in the light of the best scientific knowledge of 
the day, to name the most grotesque and outrageous violation of them 
which the human mind could conceive. I may suppose them to reply, 
' if a cartload of black stones were to tumble out of the blue sky above 
us, before our eyes, in this very France, we should call that a violation 
of the laws of nature, indeed!' Yet the next year, not one, but many, 
cartloads of black stones did tumble out of the blue sky, not in some 
far off land, but in France itself. 

It is of interest to ask what became of the 'laws of nature' after 
such a terrible blow. The 'laws of nature' were adjusted, and after 
being enlarged by a little patching, so as to take in the new fact, were 
found to be just as good as ever! So it is always; when the miracle 
has happened, then and only then it becomes most clear that it was no 
miracle at all, and that no 'law of nature' has been broken. 

Applying the parable to ourselves then, how shall we deal with 
new 'facts' which are on trial, things perhaps not wholly demonstrated, 
j^et partly plausible? During the very last generation hypnotism was 
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such a violation of natural law. Now it is a part of it. What shall 
we say, again, about telepathy, which seemed so absui-d to most of us 
a dozen years ago? I do not say there is such a thing now, but I 
would like to take the occasion to express my feeling that Sir William 
Crookes, as president of the British Association, took the right, as he 
took the courageous course, in speaking of it in the terms he did. 
I might cite other things, the objects of ridicule only a few years ago, 
of debate now, but which have not all found supporters who possess 
the courage of their convictions. 

The lesson for us in dealing with them is not that we should refuse 
to believe on the one hand, and sneer at everything that is on trial; 
for this, though a very general and safe procedure, is not one to 
be recommended to those of us who have some higher ideal than 
acquiescence with the current belief. 

The lesson for us is that we must not consider that anything is abso- 
lutely settled or true. 

This is not to say that we are to be blown about by every wind of 
scientific doctrine. It is to be understood as a practical rule of life 
that we must act with the majoritj' where our faith does not compel 
us to do otherwise; but it seems to me that we must always keep 
ready for use somewhere; in the background of our mind, possibly, 
but somewhere; the perhaps trite notion that we know nothing abso- 
lutely or in its essence; and remember that though trite it is always 
true, and to be kept as a guide at every turning of the scientific road, 
when we can not tell what is coming next. 

How many doctrines of our own day will stand the light of the next 
century ? What will they be saying of our doctrine of evolution then? 
1 do not know; but let me repeat what I have said elsewhere, that the 
truths of the scientific church are not dogmas, but something put for- 
ward as provisional only, and which her most faithful children are 
welcome to disprove if they can. I believe that science as a whole is 
advancing with hitherto unknown rapidity, but that the evidence of 
this advance is not in reasoning, but in the observation that our doc- 
trine is proving itself, by the fact that through its aid Nature obeys us 
more and more, as I certainly believe it does. 

Never let us forget, however, that man, being the servant and inter- 
preter of nature, as Bacon says, can do and understand so much, and 
;o much only, as he has observed of the course of nature, and that 
beyond this he neither knows anything nor can do anything. No 
walk along 'the high priori road' will take him where he wants to 
go, and no 'law of nature' will certainly help him. 

But these 'laws', having authority only as far as they are settled 
by evidence and by observation alone, it may bo a just inquiry as to 
what constitutes observation and, above all, who judges the evidence. 
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If the kinetic theory of gases, for instance, is a matter of inference 
rather than of observation, are we sure that we have a better guar- 
antee for it than a previous century had for phlogiston? Our good 
opinion of ourselves, as compared with our scientific fathers, makes 
us think we have. Certainly I think myself that we have; and yet, 
remember, it is the same human nature which judged that evidence 
then, that judges this evidence now, and remember that however 
rapidly science changes, human nature remains ver}'' much the same, 
and always has a good conceit of itself. 

While we are venturing to utter truisms, I repeat, let us take once 
more this one, home to ourselves, that there is a great deal of this 
'human nature' even in the best type of the scientific man, and that 
we of this twentieth century share it, with our predecessors, on whom 
we look pityingly, as our successors will look on us. 

Let us repeat, and repeat once more, that though nature be external 
to ourselves, the so-called 'laws of nature' are from within— laws of 
our own minds — and a simple product of our human nature. Let us 
agree that the scientific imagination can suggest questions to put to 
nature, but not her answers. Let us read Bacon again, and agree 
with him that we understand only what we have observed. Finally 
let us add that we never understand even that, in the fullness of its 
meaning, for remember that of all the so-called laws of nature, the 
most constantly observed and the most intimately and personally 
known to us are those of life and death — and how much do we know 
about the meaning of them? 
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The very remarkable description of the lire walk collected b}' Mr. 
Andrew Lang and others had aroused a curiosity in me to witness the 
original ceremony, which I have lately been able to gratify in a visit 
to Tahiti. 

Among these notable accounts is one by Colonel Gudgeon, British 
resident at Raratonga, describing the experiment by a man from 
Raiatea, and also a like account of the Fiji lire ceremony from Dr. T. 
M. Hocken, whose article is also quoted in Mr. Lang's paper on the 
" Fire Walk," in the Proceedings of the Society for Psychical 
Research, February, 1900. This extraordinary rite is also described 
by Mr. Eraser in the Golden Bough, and by others. 

I had heard that it was performed in Tahiti in 1897, and several 
persons there assured me of their having seen it, and one of them of 
his having walked through the fire himself under the guidance of the 
priest, Papa-Ita, who is said to be one of the last remnants of a cer- 
tain order of the priesthood of Raiatea, and who had also performed 
the rite at the island of Hawaii some time in the present year, of 
which circumstantial newspaper accounts were given, agreeing in all 
essential particulars with those in the accounts already cited. Accord- 
ing to these, a pit was dug in which large stones were heated red-hot 
by a fire which had been burning many hours. The upper stones 
were pushed away just before the ceremony, so as to leave the lower 
stones to tread upon, and over these, "glowing red-hot" (according 
to the newspaper accounts), Papa-Ita had walked with naked feet, 
exciting such enthusiasm that he was treated with great consideration 
by the whites, and by the natives as a god. I found it commonly 
believed in. Tahiti that anyone who chose to walk after him, European 
or native, could do so in safety, secure in the magic which he exer- 
cises, if his instructions were exactly followed. Here in Tahiti, where 
he had " walked" four years before, it was generally believed among 
the natives, and even among the Europeans present who had seen the 
ceremony, that if anyone turned around to look back he immediately 
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was burned, and I was told that all those who followed him through 
the fire were expected not to turn until they bad reached the other 
side in safety, when be again entered the fire and led them back by 
the path l)y whicli he bad come. I was further told by several who 
had tried it that the heat was not felt upon the feet, and that when 
shoes were worn the soles were not burned (for those who followed 
the priest's directions), but it was added by all that much beat was 
felt about the bead. 

Such absolutely extraordinary^ accounts of the performance had been 
given to me by respectable eyewitnesses and sharers in the trial, con- 
firming those given in Hawaii, and, in the main, the cases cited by Mr. 
Lang, that I could not doubt that if all these were verified by my own 
observation, it would mean nothing less to me than a departure from 
the customary order of nature and something very well worth seeing 
indeed. 

I was glad, therefore, to meet personally the priest, Papa-Ita. He 
is the finest looking native that I have seen ; tall, dignified in bearing, 
with unusually intelligent features. I learned from him that he would 
perform the ceremony on Wednesday, Ju\j 17, the day before the 
sailing of our ship. I was ready to provide the cost of the fire, if he 
could not obtain it otherwise, but this proved to be unnecessar}^ 

Papa-Ita himself spoke no English, and I conversed with him briefly 
through an interpreter. He said that he walked over the hot stones 
without danger by virtue of spells which he was able to utter and by 
the aid of a goddess (or devil as mj- interpreter had it), who was 
formerly a native of the islands. The spells, he said, were something 
which he could teach another. I was told by others that there was a 
still older priest in the island of Raiatea, whose disciple he was, 
although he had pupils of bis own, and that he could " send his spirit" 
to Raiatea to secure the permission of his senior priest if necessary. 

In answer to my inquii'y as to what preparations he was going to 
make for the rite in the two or three days before it, he said he was 
going to pass them in praj'ei'. 

The place selected for the ceremony fortunatelj' was not far from 
the ship. I went there at noon and found that a large shallow pit 
or trench had been dug, about 9 by 21 feet and about 2 feet deep. 
Lying nearby was a pile containing some cords of rough wood and a 
pile of rounded water-worn stones, weighing, I should think, from 
40 to 80 jwunds apiece. They were, perhaps, 200 in number, and all 
of porous basalt, a feature the importance of which will be seen later. 
The wood was placed in the trench, the fire was lighted and the stones 
heaped on it, as I was told, directly after I left, or at about 12 o'clock. 

At 4 p. m. I went over again and found the preparations very nearly 
complete. The fire had been burning for nearlv four hours. The 
outer stones touched the ground only at the edges of the pile, where 
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they did not burn my hand, but as they approached the center the 
stones were heaped up into a mound three or four layers deep, at 
which point the lowest layers seen between the upper ones were visibly 
red-hot. That these latter were, nevertheless, sending out considerable 
heat there could be no question, though the topmost stones were cer- 
tainly not red-hot, while those at the bottom were visibly so and were 
occasionally splitting with loud reports, while the flames from the 
burned wood near the center of the pile passed up in visible lambent 
tongues, both circumstances contributing to the effect upon the excited 
bystanders. 

The upper stones, I repeat, even where the topmost were presently 
removed, did not show anj- glow to the eye, but were unquestionably 
very hot and certainly looked unsafe for naked feet. Native feet, how- 
ever, are not like European ones, and Mr. Richardson, the chief engi- 
neer of the ship, mentioned that he had himself seen elsewhere natives 
standing unconcerned with naked feet on the cover of pipes conveying 
steam at about 300'-' F., where no European foot could even lightly 
rest for a minute. The stones then were hot. The crucial question 
was, How hot was the upper part of this upper lajer on which the feet 
were to rest an instant in passing? I could think of no ready thermo- 
metric method that could give an absolutely trustworthy answer, but 
I could possibly determine on the spot the thermal equivalent of one 
of the hottest stones trodden on. (It was subsequently shown that the 
stone might be much cooler at one part than another. ) Most obviously, 
even this was not an easy thing to do in the circumstances, but I 
decided to try to get at least a trustworthy approximation. By the 
aid of Chief Engineer Richardson, who attended with a stoker and one 
of the quartermasters, kindly detailed at my request by the ship's 
master, Captain Lawless, I prepared for the rough but conclusive 
experiment presently described. 

It was now nearly forty minutes after -i, when six acolytes (natives), 
wearing crowns of flowers, wreathed with garlands and bearing poles 
nearly 15 feet long, ostensibly to be used as levers in toppling over 
the upper stones, appeared. They were supposed to need such long 
poles because of the distance at which they must stand on account of 
the heat radiated from the pile, but I had walked close beside it a 
moment before and satisfied myself that I could have manipulated the 
stones with a lever of one-third the length, with some discomfort, but 
with entire safety. Some of the uppermost stones only were turned 
over, leaving a superior layer, the long poles being needlessly thrust 
down between the stones to the bottom, where two of them caught lire 
at their extremities, adding very much to the impression that the 
exposed layer of stones was red hot, when in fact they were not, at 
least to the eye. These long poles and the m'hv they were handled 
were, then, a part of the ingenious "staging" of the whole spectacle. 
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Now the most impressive part of the ceremony began. Papa-Ita, 
tall, dignified, flower-crowned, and dressed with garlands of flowers, 
appeared with naked feet and with a large bush of "ti" leaves in his 
hands, and after going partly around the fire each way, uttering what 
seemed to be commands to it, went back, and, beating the stones nearest 
him three times with the ti leaves, advanced steadily, but with 
obviously hurried step, directly over the central ridge of the pile. 
Two disciples, similarly dressed, followed him, but they had not the 
courage to do so directly along the heated center. They followed 
about halfway between the center and the edge, where the stones 
were manifestly cooler, since I had satisfied myself that they could be 
touched lightly with the hand. Papa-lta then turned and led the way 
back, this time with deliberate confidence, followed on his return by 
several new disciples, most of them not keeping exactly in the steps 
of the leader, but obviously seeking cooler places. A third and 
fourth time Papa-Ita crossed with a larger following, after which 
many Europeans present walked over the stones without reference to 
the priest's instructions. The natives were mostly in their bare feet. 
One wore stockings. No European attempted to walk in bare feet, 
except in one case — that of a boy, who, I was told, found the stones 
too hot and immediately stepped back. 

The mise en scene was certainly noteworthy. The site near the 
great ocean breaking on the barrier reefs, the excited crowd talking 
about the "red-hot" stones, the actual sight of the hierophant and 
his acolytes making the passage along the ridge where the occasional 
tongues of flame were seen at the center, with all the attendant cir- 
cumstances, made up a scene in no way lacking in interest. Still, the 
essential question as to the actual heat of these stones had not yet been 
answered, and after the fourth passage 1 secured Papa-Ita's permission 
to remove from the middle of the pile one stone, which, from its size 
and position, every foot had rested upon in crossing and which was 
undoubtedly at least as hot as any one of those trodden on. It was 
pulled out by my assistants with difiiculty, as it proved to be larger 
than I had expected, it being of ovoid shape, with the lower end in the 
hottest part of the fire. I had brought over the largest wooden 
bucket which the ship had and which was half filled with water, expect- 
ing that this would cover the stone, but it proved to be hardly enough. 
The stone caused the water to rise nearly to the top of the bucket, and 
it was thrown into such violent ebullition that a great deal of it boiled 
over and escaped weighing. The stone was an exceedingly bad con- 
ductor of heat, for it continued to boil the water for about twelve 
minutes, when, the ebullition being nearly over, it was removed to the 
ship and the amount of evaporated water measured. 

Meanwhile others, as I have said, began to walk over the stones 
without any reference to the ceremony prescribed by Papa-Ita, and 
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three or four persons, whom I personally knew on board the ship, did 
so in shoes, the soles of which were not burned at all. One of the 
gentlemen, however, who crossed over with unburned shoes, showed 
me that the ends of his trousers had been burnt by the flames which 
leaped up between the stones, and which at all times added so much 
to the impressiveness of the spectacle; and there was no doubt that 
anyone who stumbled or got a foot caught between the hot stones 
might have been badly burned. United States Deputj^ Consul Ducor- 
ran, who was present, remarked to me that he knew that Papa-Ita had 
failed on a neighboring island, with stones of a marble-like quality, 
and he offered to test the heat of these basaltic ones by seeing how 
long he could remain on the hottest part of the pile, and he stood 
there, in my sight, from eight to ten seconds before he felt the heat 
through the thin soles of his shoes beginning to be unpleasantly warm. 

A gentleman present asked Papa-Ita why he did not give an exhibit 
that would be convincing by placing his foot, even for a few seconds, 
between two of the red-hot stones which could be seen glowing at the 
bottom of the pile, to which Papa-Ita replied with dignity, "My 
fathers did not tell me to do it that way." 1 asked him if he would 
hold one of the smaller, upper hot stones in his hand. He promised 
to do so, but he did not do it. 

The outer barriers were now removed and a crowd of natives pressed 
in. I, who 'Vfas taking these notes on the spot, left, after assuring 
myself that the stones around the edge of the pit were comparatively 
cold, although the center was no doubt very hot, and those below red- 
hot. The real question is, I repeat, How hot were those trodden on? 
and the answer to this I was to try to obtain after measuring the 
amount of water boiled away. 

On returning to the ship this was estimated from the water which 
was left in the bucket (after allowing for that spilled over) at about 
10 pounds. The stone, which it will be remembered was one of the 
hottest, if not the hottest, in the pile, was found to weigh 66 pounds, 
andito have evaporated this quantity of water. It was, as I have said, 
a volcanic stone, and on minuter examination proved to be a vesicular 
basalt, the most distinctive feature of which was its porosity and non- 
conductibility, for it was subsequently found that it could have feeen 
heated red-hot at one end, while remaining comparatively cool at the 
top. I brought a piece of it to Washington with me and there deter- 
mined its specific gravity to be 2.39, its specific heat 0.19, and its con- 
ductivity to be so extremely small that one end of a small fragment 
could be held in the hand while the other was heated indefinitely in 
the flame of a blowpipe, almost like a stick of sealing-wax. This 
partly defeated the aim of the experiment (to find the temperature of 
the upper part of the stone), since only the mean temperature was 
found. This mean temperature of the hottest stone of the upper layer, 



544 THE FIKE WALK CEREMONY IN TAHITI. 

as deduced from the above data, was about 1,200° F., but the temper- 
ature of the surface must have been indefinitely lower. The tem- 
perature at which such a stone begins to show a dull red in daylight 
is, so far as I am aware, not exactly determined, but is approximately 
1,300 to 1,400° F. 

To conclude, I could entertain no doubt that I had witnessed sub- 
stantially the scenes described by the gentlemen cited, and I have 
reason to believe that I saw a very favorable specimen of a fire walk. 

It was a sight well worth seeing. It was a most clever and interest- 
ing piece of savage magic, but from the evidence I have just given I 
am obliged to say (almost regretfully) that it was not a miracle. 
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Eveiyone who has used a telescope knows that our atmosphere is 
forever in pulsating motion, and troubling our vision of the heavenlj^ 
bodies, during the most cloudless day or night, so that observatories 
are put even on high mountains, to get rid of the disturbances in this 
atmosphere, which tend to make the image of every object tremulous 
and indefinite, and to prevent what the astronomer terms "good seeing." 

I desire to speak to the academ}' about a device which 1 have recently 
essayed for preventing this universally known and dreaded "boiling" 
of the telescopic image, a difiiculty which has existed always and everj'- 
where since telescopes have been in use, and which has seemed so ifisur- 
mountable that I believe it has hardly ever been thought of as subject 
to correction. 

Hitherto it has been the endeavor of astronomers, so far as I know, 
to secure a more tranquil image by keeping the air in the telescope 
tube, through which the rays pass, as quiet as possible, and for this 
purpose the walls of the tube have been made nonconducting, and 
extreme pains have been taken not to set up currents in the tube. 
With these precautions the "seeing" is perhaps a little better (but 
very little) than if none were used at all, the'main difficulty having been 
alwaj's found insurmountable. 

I have been led for some years to consider the conditions under which 
this "boiling" presents itself. It is not necessarily due to a high tem- 
perature of the external air, for the most perfect definition I have ever 
seen of any terrestrial object was obtained by me long since in the 
Harvard College Obser\'atory at Cambridge, with its great equatorial 
telescope, when, on the hottest day that I ever knew in a New England 
summer, I directed it with a high power on the distant " south mark," 
which 1 expected to find almost indistinguishable from the " boiling." 
I remember my extreme surprise when, under a magnifying power of 
300, I found the image as still as the lines of an engraving. This was 
an extraordinary exception to ordinary experience, and led me to take 

"A paper presented to the National Academy of Sciences, November ]2, 1902. 
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an interest in the subject. I have since pursued an inquiry to which 
this circumstance first directed my attention, and I have done so at all 
altitudes, at one time residing on ^tna for this purpose, noting that 
even on high mountains telescopic vision was so far from being always 
clear that it was sometimes even much worse than at sea level. 

1 have since come to the important.conclusion that while the ordinary 
" boiling" is due to all the air between us and the sun or star through 
which the raj's pass, the greater portion of it is due to the air imme- 
diately near us, probably within a few hundred yards or even feet 
from the telescope, and this has led me to ask whether it was not pos- 
sible that some wa}^ to act upon this air could be found. Its nonuni- 
formity leads to deformations of the image too complex to analyze here, 
which are caused not onlj'' by lateral vibrations of the cone of rays hut 
by its elongation and contraction. 

For this purpose I have, within the last few months, been making 
experiments at the Smithsonian Astrophysical Observatory; first with 
a horizontal tube having three successive walls with air spaces between, 
which was intended to give the maximum security which freedom from 
changes of temperature could afl^ord. This observatory, being princi- 
pally concerned with rays best studied in an image formed by reflection, 
has no large diopti'ic telescope, on which account these experiments 
have been made with a reflector. I have no reason to suppose, how- 
ever, that they will not be equally successful with a dioptric telescope. 

A large part of the "boiling" of the image is due to air without the 
tube, but a not unimportant pai't to the air within it; and in the pre- 
liminary experiments the air, kept still in the tube b}^ treating it with 
the ordinary precautions, wa« found to have little efl'ect on the ordinary 
"boiling" of the image, which so seriously prejudices the definition. 
An image-forming mirror, fed by a coelostat, was placed at the end of 
this triple-walled tube, which w^as itself sheltered by a canvas tent and 
contained the stillest air of the most uniform temperature which could 
be obtained. The "boiling" was but little diminished merely by inclos- 
ing the beam by this tube, which was onlj^ what had been anticipated 
from the ordinary experience of all astronomers. 

The device which I had determined to try was one of a paradoxical 
character, for it proposed to substitute for this still air, which gave 
the usual troubled image, agitated air which it was hoped would give 
a still image." For the purpose of this new experiment, the horizontal 
telescope using a reflector of 40 feet focus, fed by a coelostat through 
the above tube, was connected with a fan run by an electric motor, 
which was arranged to draw out the air from the inner tube at the 
same time that it forced air in at different points in its length, so as to 

" 1 may mention here that my lamented friend, Henry C. Draper, once showed me 
that agitating the contents of a bisulphide of carbon prism improved its definition. 
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thus violently disturb and churn the air along all the path of the beam 
from the coelostat to the .solar image. 

This first experiment gratifyingly reduced the "boiling" and pro- 
duced an incontestibly stiller image than when still air was used. As 
a further test, a series of artificial double stars was now provided, and 
the concave mirror, acting both as collimator and objective, brought 
the images to focus, where they were examined with an eyepiece. 
With the stillest air obtainable the images were not sharp, and only 
the coarsest doubles were resolvable. Then the blower was started 
and the definition immediately became sharp. Violently stirring the 
air in the tube, then, eliminates all or nearly all the "boiling''' of the 
stellar image which arises within the tube itself when using ordinarj^ 
still air. This experiment concerned the air within the horizontal 
tube only. 

I have next taken up the solar image formed 1)\' the mirror in the 
above tube. This is clearly improved by the stirring. I have also 
wished to try a tube something like a prolonged dew cap, liut which is 
arranged to be inclined toward the sun. The air in both can be 
stirred together, but experiment has not yet gone far enough to 
demonsti'ate whether it has, as is hoped, an\' superiority commensu- 
rate with the special mechanical difficulties involved. 

I am not prepared to give quantitative estimates, which I hope to 
furnish later, but all observers to whom I have shown these early 
results on the sun have agreed, that if the "boiling" was not wholly 
cured, what remained was but a small fraction of that o})tained with 
still air. 1 have not completed these experiments, which I am still 
pursuing at the observatory, but they seem to me to gi\'e promise of 
an improvement of universal interest to obser\-ers, which justified the 
making of this early announcement. 1 had hoped to have shown the 
Academy some photographs of the sun taken, first, in the ordinary 
way, and again, with the churned air, but the condition both of the 
sun and of the sky of late has prevented my obtaining them. 1 can, 
to my regret, only give here a photograph of the images of the artifi- 
cial double stars as seen through ordinary conditions, as distinguished 
from those here mentioned, of artificial "good seeing." 
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EXPEEIMENTS WITH THE LANGLEY AERODROME. 



By S. P. Lanoley. 



The experiments undertaken by the Smithsonian Institution upon 
an aerodrome, or flying machine, capable of carrying a man have 
been suspended from lack of funds to repair defects in the launching 
apparatus without the machine ever having been in the air at all. As 
these experiments have been popularly, and of late repeatedly, rep- 
resented as having failed on the contrary, because the aerodrome could 
not sustain itself in the air I have decided to give this brief though 
late account, which, may be accepted as the first authoritative state- 
ment of them. 

It will be remembered that in 1896 wholly successful flights of 
between one-half and one mile by large steam-driven models, unsup- 
ported except by the mechanical effects of steam engines, had 
been made by me. In all these the machine was first launched into 
the air from " ways," somewhat as a ship is launched into the 
water, the machine resting on a car that ran forward on these ways, 
which fell down at the extremity of the car's motion, releasing the 
aerodrome for its free flight. I mention these details because they 
are essential to an understanding of what follows, and partly because 
their success led me to undertake the experiments on a much larger 
scale I now describe. 

In the early part of 1898 a board, composed of officers of the 
Army and Navy, was appointed to investigate these past experi- 
ments with a view to determining just what had been accomplished 
and what the possibilities were of developing a large-size man- 
carrying machine for war purposes. The report of this board being 
favorable, the Board of Ordnance and Fortification of the War 
Department decided to take up the matter, and I having agreed to 
give without compensation what time I could spare from official 
duties, the Board allotted $50,000 for the development, construction, 
and test of a large aerodrome, half of which sum was to be available 
immediately and the remainder when required. The whole matter 
had previously been laid before the Board of Regents of the Smith- 
sonian Institution, who had authorized me to take up the work and 
SM 1904 8 113 
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to use in connection with it such facilities of the Institution as were 
available. 

Before consenting to undertake the construction of this large 
machine, I had fully appreciated that owing to theoretical considera- 
tions, into which I do not enter, it would need to be relatively 
lighter than the smaller one; and later it was so constructed, each 
foot of sustaining surface in the large machine carrying nearly the 
same weight as each foot in the model. The difficulties subsequently 
experienced with the larger machine were, then, due not to this 
cause, but to practical obstacles connected with the launching, and the 
like. 

I had also fully appreciated the fact that one of the chief difficul- 
ties in its construction would lie in the procuring of a suitable engine 
of sufficient power and, at the same time, one which was light enough. 
(The models had been driven by steam engines whose water supply 
weighed too much for very long flights.) The construction of the 
steam engine is well understood, but now it would become necessary 
to replace this by gas engines, which for this jiurpose involve novel 
difficulties. I resolved not to attempt the task of constructing the 
engine myself, and had accordingly entered into negotiations with 
the best engine builders in this country, and after long delay had 
finally secured a contract with a builder who, of all persons engaged 
in such work, seemed most likely to achieve success. It was only 
after this contract for the engine had been signed that I felt willing 
to formally undertake the work of building the aerodrome. 

The contract with the engine builder called for an engine developing 
12 brake horsepower, and weighing not more than 100 pounds, includ- 
ing cooling water and all other accessories, and with the proviso that 
a second engine, exactly like this first one, would be furnished on the 
same terms. The first engine was to be delivered before the close 
of February, 1899, and the frame of the aerodrome with sustaining 
surfaces, propellers, shafting, rudders, etc., was immediately planned, 
and now that the engine was believed to be secured, their actual con- 
struction was pushed with the utmost spe«d. The previous experi- 
ments with steam-driven models, which had been so successful, had 
been conducted over the water, using a small house-boat having a cabin 
for storing the machine, appliances and tools, on top of which was 
mounted a track and car for use in launching. As full success in 
launching these working models had been achieved after several 
years spent in devising, testing and improving this plan, I decided 
to follow the same method with the large machine, and accordingly 
designed and had built a house-boat, in which the machine could not 
only be stored, but which would also furnish space for workshops, 
and on the toi3 of which was mounted a turntable and track for use 
in launching from whatever direction the wind might come. 
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Everything connected with the work was expedited as much as 
possible with the expectation of being able to have the first trial 
flight before the close of 1899, and time and money had been spent 
on the aerodrome, which was ready, except for its engine, when the 
time for the delivery of this arrived. But now the builder proved 
unable to complete his contract, and, after months of delay, it was 
necessary to decrease the force at work on the machine proper and 
its launching appliances until some assurance could be had of the 
final success of the engine. During the spring and summer of 1899. 
while these delays were being experienced in procuring suitable 
engines, former experiments on superposed wing surfaces were con- 
tinued, time was found for overhauling the two steam-driven models 
which had been used in 1896, and the small house boat was rebuilt 
so that further tests of these small machines might be made in order 
to study the effect of various changes in the balancing and the 
steering, equilibrium preserving and sustaining appliances, and the 
months of June, July, and a portion of August were spent in actual 
tests of these machines in free flight. 

A new launching apparatus following the general plan of the 
former overhead one, but with the track underneath it, was built 
for the models, and it was used most successfully in these experi- 
ments, more than a dozen flights in succession being made with it, 
while in every case it worked without delay or accident. As soon 
as these tests with the models on this underneath launching apparatus 
were completed, that for the large machine was built as an exact 
duplicate, except for the enlargement, and with some natural con- 
fidence that what had worked so perfectly on a small scale would 
work fairly on a large one. 

It was recognized from the very beginning that it would be desir- 
able in a large machine to use " superposed " sustaining surfaces 
(that is, with one wing above another) on account of their supe- 
riority so far as the relation of strength to weight is concerned, 
and from their independence of guy wiring; and two sets of 
superposed sustaining surfaces of different patterns were built and 
experimented with in the early tests. These surfaces proved, on the 
whole, inferior in lifting power, though among compensating ad- 
vantages are the strength of a " bridge " construction which dis- 
penses with guy wires coming up from below, which, in fact, later 
were the cause of disaster in the launching. 

It was finally decided to follow what experiment had shown to be 
successful, and to construct the sustaining surfaces for the large 
machine after the " single-tier " plan. This proved to be no easy 
task, since in the construction of the surfaces for the small machines 
the main and cross ribs of the framework had been made solid, and, 
after steaming, bent and dried to the proper curvature, while it was 
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obvious that this plan could not be foUoM'ed in the large surfaces on 
account of the necessity, already alluded to, of making them rela- 
tively lighter than the small ones, which were already very light. 
After the most painstaking construction, and tests of various sizes 
and thicknesses of hollow square, hollow round, I-beam, channel, and 
many other types of ribs, I finally devised a type which consisted of 
a hollow box form, having its sides of tapering thickness, with the 
thickest part at the point midway between contiguous sides and with 
small partitions placed inside every few inches in somewhat the same 
way that nature places them in the bamboo. These various parts 
of the rib (corresponding to the quill in a wing) were then glued and 
clamped together, and after drying were reduced to the proper 
dimensions and the ribs coA^ered with several coats of a special marine 
varnish, which it had been found protected the glued joints from 
softening, even when they were immersed in water for twenty-four 
hours. 

Comparative measurements were made between these large cross 
ribs, 11 feet long, and a large quill from the wing of a harpy eagle, 
which is probably one of the greatest wonders that nature has pro- 
duced in the way of strength for weight. These measurements 
showed that the large, 11-foot ribs (" quills ") for the sustaining sur- 
faces of the large machine were equally as strong, weight for weight, 
as the quill of the eagle ; but much time was consumed in various con- 
structions and tests before such a result was finally obtained. 

During this time a model of the large machine, one-fourth of its 
linear dimensions, was constructed, and a second contract was made 
for an engine for it. Tlie delay with the large engine was repeated 
with the small one, and in the spring of 1900 it was found that both 
contract engines were failures for the purpose for which they were 
intended, as neither one developed half of the power required for tlie 
allotted weight. 

I accordingly again searched all over this country, and, finally, ac- 
companied by an engineer (Mr. Manh^) , whose services I had engaged, 
went to Europe, and there personally visited large builders of engines 
for automobiles, and attempted to get them to undertake the construc- 
tion of such an engine as was required. This search, however, was 
fruitless, as all of the foreign builders, as well as those of this country, 
believed it impossible to construct an engine of the necessary power 
and as light as I required (less than 10 pounds to the horsepower 
without fuel or water). I was therefore forced to return to this 
country and to consent most reluctantly, even at this late date, to 
have the work of constructing suitable engines undertaken in the 
shops of the Smithsonian Institution, since, as I have explained, the 
aerodrome frame and wings were already constructed. This work 
upon the engines began here in August, 1900, in the immediate care 
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of Mr. Manly. These engines were to be of nearly double the power 
first estimated and of little more Aveight, but this increased power and 
the strain caused by it demanded a renewal of the frame as first built, 
in a stronger and consequently in a heavier form, and the following 
sixteen months were spent in such a reconstruction simultaneously 
with the work on the engines. 

The flying weight of the machine complete, with that of the 
aeronaut, was 830 pounds; its sustaining surface, 1,040 square feet. 
It therefore was provided with slightly greater sustaining surface 
and materially greater relative horsepower than the model subse- 
quently described which flew successfully. The brake horsepower 
of the engine was 52; the engine itself, without cooling water, or 
fuel, weighed approximately 1 kilogram to the horsepower. The en- 
tire power plant, including cooling water, carburetor, battery, etc.. 
weighed materiallj' less than 5 pounds to the horsepower. Engines 
for both the large machine and the quarter-size model were completed 
before the close of 1901, and they were immediately put in their 
respective frames and tests of them and their power-transmission 
appliances were begun. 

It is well here to call attention to the fact that although an engine 
may develop sufficient power for the allotted weight, yet it is not at 
all certain that it will be suitable for use on a machine which is 
necessarily as light as one for traversing the air, for it would be 
impossible to use, for instance, a single cylinder gasoline engine in a 
flying machine unless it had connected to it prohibitively heavy fly- 
wheels. These facts being recognized, the engines built in the Smith- 
sonian shops were provided with five cylinders, and it was found 
upon test that the turning effect received from them was most uniform, 
and that, by suitable balancing of rotating and reciprocating parts, 
they could be made to work so that there was practically no vibration, 
even when used in the very light frames of the aerodromes. 

The engine is not all the apparatus connected with the development 
and delivery of power, for obviously there must be shafts, bearings, 
and in the present case there were also gears ; and all of these parts 
must necessarily be phenomenally light, while all of the materials 
must be capable of withstanding repeated and constant strains far 
beyond their elastic limit. It is also evident to anyone having famil- 
iarity with such constructions that it is most difficult to keep the 
various bearings, shafts, gears, etc., in proper alignment without 
adding excessive weight, and also that when these various parts once 
get out of alignment Avhen subject to strain, the disasters which are 
caused render them unfit for further use. 

The engines themselves were successfully completed before the close 
of 1901, and were of much more power than those originally designed ; 
but nearly a year and a half had been spent not only in their complo- 
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tion, but in properly coordinating the various parts of the frame 
carrying them, repairing the various breakages, assembling, "dis- 
mounting, and reassembling the various parts of the appliances, and 
in general rebuilding the frame and appurtenances to correspond in 
strength to the new engines. 

There are innumerable other details, for the whole question is one 
of details. I may, however, particularly mention the carburetors, 
which form an essential part of every gas engine, and such giving 
fair satisfaction .for use in automobiles were on the market at the 
time, yet all of them failed to properly generate gas when used in 
the tests of the engine working in the aerodrome frame, chiefly 
because of the fact that the movement of the engine in this light 
frame must be constant and regular or the transmission appliances 
are certain of distortion. It was, therefore, necessary to devise car- 
buretors for the aerodrome engines which would meet the required 
conditions, and more than half a dozen were constructed which were 
in advance of anything then on the market, and yet were not good 
enough to use in the aerodrome, before a satisfactory one was made. 
These experiments were made in the shop, but with an imitation of 
all the disturbing influences which would be met with in the actual 
use of the machine in the air, so as to make certain, as far as possible, 
that the first test of the machine in free flight would not be marred 
by mishaps or unseen contingencies in connection with the genera- 
tion and use of power. 

It is impossible for anyone who has not had experience with such 
matters to appreciate the great amount of delay which experience 
has shown is to be expected in such experiments. Only in the spring 
of 1903, and after two unforeseen years of assiduous labor, were 
these new engines and their appurtenances, weighing altogether less 
than 5 pounds to the horsepower and far lighter than any known to 
be then existing, so coordinated and adjusted that successive shop 
tests could be made without causing injury to the frame, its bearings, 
shafts, or propellers. 

And now everything seemed to be as nearly ready for an experi- 
ment as could be, until the aerodrome was at the location at which 
the experiments were to take place. The large machine and its 
quarter-size counterpart were accordingly placed on board the large 
house boat, which had been completed some time before and had been 
kept in Washington as an auxiliary shop for use in the construction 
work, and the whole outfit was towed to a point in the Potomac 
River, Here 3 miles wide, directly opposite Widewater, Va., and 
about 40 miles below Washington and midway between the Mary- 
land and Virginia shores, where the boat was made fast to moorings 
which had previously been placed in readiness for it. 

Although extreme delays had already occurred, yet they were not 
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SO trying as the ones which began immediately after the work was 
thus transferred to the lower Potomac. 

The object in constructing the quarter-size counterpart of the 
large machine was to duplicate in it the balancing and relative pro- 
portions of power, surface, etc., that had been arranged in the large 
one, so that a test of it might be made which would determine 
whether the large machine should be tried as arranged or the bal- 
ancing and other arrangements modified. The launching appa- 
ratus, which had proved so eminently successful with the original 
steam-driven models in 1896, was considered a thing so well tested 
that it had, as I have stated, been duplicated on a suitable scale for 
use with the large aerodrome, and it was fdt that if this apparatus 
were exactly similar to the smaller one it would be the one appliance 
least likely to mar the experiments. 

In order to test the quarter-size model it was necessary to remove 
its launching track from the top of the small house boat and place it 
upon the deck of the large boat, in order to have all the work go on 
at one place, as it was impossible, on account of its unseaworthiness, 
to moor the small house boat in the middle of the river. 

While this transfer of the launching apparatus from the small 
boat to the large one was being made, the changed atmospheric con- 
ditions incident to a large body of water over which thick fogs hung 
a great portion of the time, from those of a well-protected shop on 
the land, began to manifest themselves in such ways as the rusting of 
the metal parts and fittings, and the consequent' disarrangement of 
the adjustment of the necessarily very accurate pieces of apparatus 
connected with the ignition system of the engine. These difficulties 
might have partly been anticipated, but there were others concerning 
which the cause of the deterioration and disarrangement of certain 
parts and adjustments was not immediately detected, and conse- 
quently when short preliminary shop tests of the small machine were 
attempted just prior to launching it, it was found that the apparatus 
did not work properly, necessitating repairs and new constructions 
and consequent delay. Although the large house boat with the entire 
outfit had been moved down the river on July 14, 1903, it was not 
until the 8th of August that the test of the quarter-size model was 
made, and all of this delay was directly due to changed atmospheric 
conditions incident to the change in locality. This test of the model 
in actual flight was made on the 8th of August, 1903, when it worked 
most satisfactorily, the launching apparatus, as always heretofore, 
performing perfectly, white the model, being launched directly into 
the face of the wind, flew directly ahead on an even keel. The bal- 
ancing proved to be perfect, and the power, supporting surface, 
guiding, and equilibrium-preserving effects of the rudder also. The 
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weight of the model was 58 pounds, its sustaining surface 66 square 
feet, and the horsepower from 2-| to 3. 

This was the first time in history, so far as I know, that a success- 
ful flight of a mechanically sustained flying machine was made in 
public. 

The flight was not as long as had been expected, as it was found 
afterwards that one of the worltmen, in his zeal to insure an especially 
good one, had overfilled the gasoline tank, which would otherwise 
have enabled a flight several times as long. However, as such a 
flight would have given absolutely no more data than the short one 
did, and as the delays in getting ready for testing the large machine 
had already far exceeded what was expected, it was thought best not 
to make anj^ more tests with the small one, as all of the data which 
was desired had been procured, and it was accordingly stored away 
•jnd every energy immediately concentrated in getting the large ma- 
chine ready for its first test, which at that time seemed only a few 
days away. 

During all these delays it may be remarked that we necessarily 
resided near the house boat, and therefore in a region of malaria, from 
whose attacks a portion of us suffered. 

I have spoken of the serious delays in the test of the small machine 
caused by changed atmospheric conditions, but they proved to be 
almost negligible compared with what was later experienced with 
the large one. I have also alluded to the fact that the necessarily 
light ribs of the large sustaining wing surfaces were covered with 
several coats of a special marine varnish which many tests had shown 
enabled the glue to withstand submersion in water for more than 
twenty-four hours without being affected. This water test was made 
Avith a view to guarding against the joints of the ribs being softened 
when the machine came down into the water, as it was planned for 
it to do at the close of its flight, and these submersions had apparently 
shown that no trouble need be anticipated from the effects of the 
sustaining surfaces getting wet. It is an instance of the unpre- 
dictable delays which present themselves, that when preparations 
had been begun for the immediate trial of the large machine, already 
down the river, it was found that every one of the cross ribs had 
been rendered almost useless by the damp, though imder shelter. 
As it would take months to build new ones, a temporary means of 
repairing them was used. There were other delays too numerous 
to mention, but chiefly incident to working over the water, some of 
the jDrincipal of which were due to storms dragging the house boat 
from its moorings and destroying auxiliary apparatus, such as 
launches, boats, rafts, etc., to say nothing of the time consumed in 
bringing workmen to and from the scene of the experiments. The 
propellers were even found to break under the strain of the actual 
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engines in the open, though they had not done so in the shop, and this 
is mentioned as another instance of the numerous causes of trying 
delay which it was impossible to foresee. 

Finally, however, on the 3d of September, everything seemed to 
be in readiness for the experiments, and the large aerodrome was 
accordingly placed in position and all orders given and arrangements 
made for a test that day. After stationing the various tugs, launches, 
etc., at their predetermined positions so that they might render any 
assistance necessary to the engineer or the aerodrome, in case it came 
down in the water at a point distant from the house boat, and after 
the photographers, with special telephoto cameras, had been sta- 
tioned on the shore in order that photographs with their trigonomet- 
rical data might be obtained, from which speed, distance, etc., might 
be later determined, and when everyone was anxiously expecting 
the experiment, a delay occurred from one of the hardly predictable 
causes just mentioned in connection with the weather. An attempt 
was made to start the engine so that it might be running at its proper 
rate when the aerodrome was launched into free air after leaving 
the track, but the dry batteries used for sparking the engine, together 
with the entire lot of several dozen which were on hand as a reserve, 
had become useless from the dampness. 

I have merely instanced some of these causes of failure when every- 
thing was apparently ready for the expected test, but only one who 
was on the spot and who had interest in the outcome could appre- 
ciate trials of this sort, and the delays of waiting for weather suitable 
for experiments. 

It was found that every storm which came anywhere in the vicinity, 
immediately selected the river as its route of travel, and although 
a 10-mile wind on the land would not be an insurmountable obstacle 
during an experiment, yet the same wind on tlie river rendered it 
impossible to maintain the large house boat on an even keel and free 
from pitching and tossing long enough to make a test. 

While speaking of the difficulties imposed bjr the weather, it should 
also be understood that to take the aerodrome in parts from under the 
shelter of the roof and assemble and mount it upon the upper works 
was a task requiring four or five hours, and that during this time a 
change in the weather was altogether likely to occur, and did re- 
peatedly occur, sufficient to render the experiment impossible. Expe- 
rience has shown, then, that the aerodrome should be sheltered by a 
building, in which it shall be at all times ready for immediate launch- 
ing. During all the delay resulting from this and other causes — 
since it was never known on what day the experiment might take 
place — a great expense for tug boats waiting at a distance of 40 
miles from the city, was incurred, and this was a part of the con- 
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tinuous drain on the pecTiniary resources, which proved ultimately 
more fatal than any mishap to the apparatus itself. 

Following the 3d of September, and after procuring new batteries, 
short preliminary tests inside the boat were made in order to make 
sure that there would be no difficulty in the running of the engine 
the next time a fair opportunity arrived for making a t«st of the 
machine in free flight. Something of the same troubles which had 
been met with in the disarrangement of the adjustments of the small 
engine was experienced in the large one, although they occurred in 
such a different way that they were not detected until they had caused 
damage in the tests, and these disarrangements were responsible for 
broken propellers, twisted shafts, crushed bearings, distorted frame- 
work, etc., which Avere not finally overcome until the 1st of October. 
After again getting everything in apparent readiness, there then 
ensued a period of waiting on the weather until the 7th of October 
(1903), when it became sufficiently quiet for a test, which I was now 
beginning to fear could not be made before the following season. In 
this, the first test, the engineer took his seat, the engine started with 
ease and was working without vibration at its full power of over 
50 horse, and the word being given to launch the machine, the car 
was released and the aerodrome sped along the track. Just as the 
machine left the track, those who were watching it, among whom 
were two representatives of the Board of Ordnance,"" noticed that the 
machine was jerked violently down at the front (being caught, as 
it subsequently appeared, by the falling ways),* and under the full 
power of its engine was pulled into the water, carrying with it its 
engineer. When the aerodrome rose to the surface it was found, 
that while the front sustaining surfaces had been broken by their 
impact with the water, yet the rear ones were comparatively unin- 
jured. As soon as a full examination of the launching mechanism 
had been made, it was found that the front portion of the machine 
had caught on the launching car, and that the guy post, to which were 
fastened the guy wires which are the main strength of the front 
surfaces, had been bent to a fatal extent. 

"■ Major Macomb, of the Board of Ordnance, states . in his report to the 
Board, that " the trial was unsuccessful because the front guy post caught in 
its support on the launching car and was not released in time to give free flight, 
as was intended, but, on the contrary, caused the front of the machine to be 
dragged downward, bending the guy post and making the machine plunge into 
the water about 50 yards in front of the house boat." 

i> This instantaneous photograph, taken from the boat itself and hitherto 
unpublished, shows the aerodrome in motion before it had actually cleared 
the house boat. On the left is seen a portion of a beam, being a part of the 
falling ways in which the front wing was caught, while the front wing Itself 
is seen twisted, showing that the accident was in jirogress before the aerodrome 
was free to fly. 
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The machine, then, had never been free in the air, but had been 
pulled down as stated. 

The disaster just briefly described had indefinitely postponed the 
test, but this was not all. As has been said before, the weather had 
become very cold and the so-called equinoctial storrhs being near it 
was decided to remove the house boat at the earliest time possible, 
but before it could be done, a storm came up and swept away all the 
launches, boats, rafts, etc., and in doing so completely demolished the 
greater part of them, so that when the house boat was finally removed 
to Washington, on the 15th of October, these appurtenances had to be 
replaced. It is necessary to remember that these long series of delays 
worked other than mere scientific difficulties, for a more important 
and more vital one was the exhaustion of the financial means for the 
work. 

Immediately upon getting the boat to Washington the labor of 
constructing new sustaining surfaces was begun, and they were com- 
pleted about the close of November. It was proposed to make a 
second attempt near the city, though in the meantime the ice had 
formed in the river. However, on the 8th of December, 1903, the 
atmosphere became very quiet shortly before noon and an immediate 
attempt was made at Arsenal Point, quite near Washington, though 
the site was unfavorable. Shortly after arriving at the selected 
point everything was in readiness for the test. I41 the meantime 
the wind had arisen and darkness was fast approaching, but as the 
funds for continuing the work were exhtiusted, rendering it impos- 
sible to wait until spring for more suitable weather for making a 
test, it was decided to go on with it if possible. This time there 
were on hand to witness the test the writer, members of the Board 
of Ordnance, ahd a few other guests, to say nothing of the hundreds 
of spectators who were waiting on the various wharves and shores. 
It was found impossible to moor the boat without a delay which 
would mean that no test could be made on account of darkness, so 
that it was held as well as possible by a tug, and kept with the 
aerodrome pointing directly into the wind, though the tide, which 
was running very strong, and the wind, which was blowing 10 miles 
an hour, were together causing much difficulty. The engine being 
started and working most satisfactorily, the order was given by 
the engineer to release the machine, but just as it was leaving the 
track another disaster, again due to the launching ways, occurred." 

"■ Major Macomb again states In Ills official report to the Board : " The 
launching car was released at 4.45 p. m. * * * The car was set In motion 
and the propellers revolved rapidly, the engine working perfectly, but there 
was something wrong with the launching. The rear guy post seemed to drag, 
bringing the rudder down on the launching ways, and a crashing, rending 
sound, followed by the collapse of the rear wings, showed that the machine had 
been wrecked in the launching ; just how it was impossible to see." 



124 EXPERIMENTS WITH THE LAISTGLEY AERODROME. 

This time the rear of the machine, in some way still unexplained, 
was caught by a portion of the launching car, which caused the rear 
sustaining surfaces to brealt, leaving the rear entirely without sup- 
port, and it came down almost vertically into the water. Dark- 
ness had come before the engineer, Avho had been in extreme danger, 
could aid in the recovery of the aerodrome, the boat and machine 
had drifted apart, and one of the tugs, in its zeal to render assist- 
ance, had fastened a rope to the frame of the machine in the reverse 
position from what it should have been attached and had broken the 
frame entirely in two. While the injury which had thus been caused 
seemed almost irrejjarable to one not acquainted with the work, yet 
it was found upon close examination that only a small amount of 
labor would be necessary in order to repair the frame, the engine 
itself being entirely uninjured. Had tliis accident occurred at an 
earlier period, when there were funds available for continuing the 
experiments, it would not have been so serious, for many accidents 
in shop tests had occurred which, while unknown to the general pub- 
lic, had yet caused greater damage and required more time for repair 
than in the present case. But the funds for continuing the work were 
exhausted, and it being found impossible to immediately secure 
others for continuing it, it was found necessary to discontinue the 
experiments for the present, though I decided to use, from a private 
fund, the small a,mount of money necessary to repair the frame so that 
it itself, together with its engine, which was entirely uninjured, might 
be available for further use if it should later prove possible, and 
that they themselves might be in proper condition to attest to what 
they really represent as an engineering achievement. 

Entirely erroneous impressions have been given by tlie account 
of these experiments in the public press, from Avhich they have been 
judged, even by experts; the impression being that the machine 
could not sustain itself in flight. It seems proper, then, to emphasize 
and to reiterate, with a view to what has just been said, that the 
machine has never had a chance to fly at all, but that the failure 
occurred on its launching ways ; and the question of its ability to fly 
is consequently, as yet, an rnitried one. 

There have, then, been no failures as far as the actual test of the 
flying capacitj' of the machine is concerned, for it has never been 
free in the air at all. The failure of the linancial means for continu- 
ing these expensive experiments has left the question of their result 
where it stood before they were undertaken, except that it has been 
demonstrated that engines can be built, as they have been, of little 
over one-half the weight that was assigned as the possible minimum 
by the best builders of France and Germany ; that the frame can be 
made strong enough to carry these engines, and that, so far as any 
possible prevision can extend, another flight would be successful if 
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the launching were successful ; for in this, and in this alone, as far 
as is known, all the trouble has come. 

The experiments have iilso given necessary information about this 
launching. They have shown that the method which succeeded per- 
fectly on a smaller scale is insufficient on a larger one, and they have 
indicated that it is desirable that the launching should take place 
nearer the surface of the water, either from a track upon the shore 
or from a house boat large enough to enable the apparatus to be 
launched at any time with the wings extended and perhaps with 
wings independent of support from guys. But the construction of 
this new launching apparatus would involve further considerable 
expenditures that there are no present means to meet ; and this, and 
this alone, is the cause of their apparent failure. 

Failure in the aerodrome itself or its engines there has been none; 
and it is believed that it is at the moment of success, and when the 
engineering problems have been solved, that a lack of means has pre- 
vented a continuance of the work. 
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|N the century which saw the 
birth of this repubhc, it 
began to be recognized by 
thinking men that it is the 
nature of all things in this 
universe under like condi- 
tions, to act with a uniformity which we 
call law; that the knowledge of such laws 
might be found of intimate importance to 
us, not only individually, but nationally; 
and that it might be revealed not only in 
the courses of the stars or by the science 
of astronomy, but through other sciences 
yet to be created, and to be founded on the 
great unifying idea of the Reign of Law. 

In the beginning, however, this concep- 
tion was a vague one, and the scientific 
bureaus of the Government which to-day 
embody it, are almost creations of our own 
times, and science itself has scarcely, apart 
from its immediate utilities, been univer- 
sally acknowledged as a fit object of Na- 
tional care. 

It emerges into National recognition in 
the Constitution of the United States itself, 
which provides that Congress shall have 
power to promote the progress of science 
and the useful arts, by securing to authors 
and inventors the exclusive right to their 
writings and discoveries. With the excep- 
tion of the general powers granted under 
the preamble, no others for the promotion 
of science were given by the Constitution, 
and in an age when it was commonly held 
that the Federal Government possessed 
only such powers as were expressly granted 
to it, and that all others were reserved to 
the States, it is evident that direct en- 
couragement of science could hardly have 
been expected in the early days of the 
Republic, and that whatever scientific work 
was promoted would either be through the 
Patent Ofiice or in such economic directions 
as would appear from time to time to be 
indispensable for the operations of the 
Government. 
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It was one of these practical needs which 
Washington had observed in his mihtary 
operations, namely, the lack of engineers 
in the United States, which induced him 
and others of the military leaders of the 
Revolution to advocate the establishment 
of a school at West Point, originally 
intended more for the creation of an engi- 
neer corps than for regular military train- 
ing, and it was as early as 1783 that the 
site of this school was determined upon. 
With its actual establishment we have 
nothing to do here, except as the fact illus- 
trates how from the very year of the adop- 
tion of the Constitution an urgent need 
apparently necessitated the inauguration 
by the newly formed Government of a 
course of scientific instruction. 

As might naturally be expected, the first 
office the Government established which 
had to do with science, was the Patent 
Office. 

Any attempt to make a survey of the 
distinctly scientific activities of the Govern- 
ment must necessarily be brief in a series 
which has already elsewhere considered 
the numerous incidental agencies for scien- 
tific work in bureaus attached to one 
or another of the Executive Departments. 
How numerous these are may be inferred 
from the subjoined list, which is confessed- 
ly incomplete, being confined to those 
bureaus which have a certain number of 
distinctly scientific employees: 

Under the Department of the Treasury: 

Supervising Architect's Office, 
Director of the Mint, 
Light-House Board, 
Coast and Geodetic Survey, 
Marine Hospital Service, 
Bureau of Standards. 

Department of War: 

Surgeon General's Office, 
Chief of Engineers, 
Bureau of Ordnance, 
Chief Signal Officer. 
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Department of the Navy: 
Hydrographic Office, 
Naval Observatory, 
Nautical Almanac, 
Bureau of Medicine and Surgery. 

Department of the Interior: 
Patent Office, 
Geological Survey. 

Department of Agriculture: 

Weather Bureau, 

Bureau of Animal Industry, 

Bureau of Chemistry, 

Office of Experiment Stations, 

Division of Entomology, 

Bureau of Forestry, 

Bureau of Soils, 

Division of Biological Survey, 

Bureau of Plant Industry. 

Commission of Fish and Fisheries. 

Smithsonian Institution : 

National Museum, 
Astrophysical Observatory, 
National Zoological Park, 
Bureau of American Ethnology. 

The newly created Department of Commerce 
and Labor will include, after July i, 1903, the 
following before-mentioned bureaus: 

National Bureau of Standards, 

Coast and Geodetic Survey, 

Commission of Fish and Fisheries, 

Light-House Board. 

On January 4, 1790, Washington for 
the first time addressed the Senate and 
House of Representatives. He urged the 
" expediency of giving effectual encourage- 
ment, as well to the introduction of new 
and useful inventions from abroad, as to 
the exertions of skill and genius in pro- 
ducing them at home." 

On April 10, 1790, the Patent Office 
was founded, and it has since that time 
established a corps of expert examiners in 
nearly every branch of human ingenuity; 
it has brought together most valuable 
records both by way of models and specifi- 
cations illustrating the development of the 
mechanic arts in the United States; and 
without adequate support, without even 
the use of the funds resulting from its own 
system ; until recently, in cramped quarters, 
and with an inadequately paid staff, it has 
still served the Constitution's behest for 
the development of science and the liberal 
arts to an extent not equalled by the like 
service of any other nation. 

Were there opportunity to touch on it. 



it would be interesting to consider the files 
of the ofi&ce as a record, not only of human 
intelligence, but of human ignorance and 
folly. For perpetual motion machines, 
there are applications without number, but 
these are conveniently met by a request for 
a working model as a necessary prelimi- 
nary. Even this, however, is not always 
an assurance, for such devices are pro- 
posed as a sextant, which was to be taken 
down into the hold of the vessel, where an 
observation made upon a lantern was to 
give the much-sought-for longitude, the 
strange thing being that the utility of this 
invention was vouched for by piactical 
navigators, in one case by a man of known 
capacity, who asserted that whatever the 
explanation, as a matter of fact it did do 
what it professed to do. 

Other scientific needs early forced them- 
selves upon the attention of the Govern- 
ment, none more urgently than methods 
for the improvement of our agricultural 
system, and these were at the beginning in 
the care of the Commissioner of Patents. 
The policy of exploration, both in our 
Northwest and abroad through the Navy 
Department, resulted in bringing together 
models, natural history objects, historical 
relics, and miscellaneous specimens; and 
these also were gathered together under the 
Patent Office, and remained in its custody 
until the Smithsonian Institution was 
estabUshed, forming, in fact, the nucleus 
of the present National Museum. 

It would appear, then, that apart from 
certain scientific work carried on under the 
direction of the various Executive Depart- 
ments and in strict accord with other needs, 
the Patent Office was for the first half- 
century of the Government's existence 
recognized as its general scientific arm. 

Jefferson's interest in science made his 
administration an especially noteworthy 
one from a point of view both scientific 
and educational, and explorations and sur- 
veys which ultimately resulted in the estab- 
lishment both of the Geological Survey and 
of the Coast Survey, were initiated under 
his presidency. 

The Geological Survey, which was origi- 
nally a topographic one, practically origi- 
nated in the expeditions of Lewis, Pike, 
and Lewis and Clark, but was especially 
developed by the surveys for a Pacific 
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railway, followed by a long list of explora- 
tions which became systematized under 
King, Hayden, and Wheeler, and definitely 
organized as the U. S. Geological Survey on 
March 3, 1879, with Clarence King as its 
first director, Major J. W. Powell being 
his immediate successor, and Prof. C. D. 
Walcott its present incumbent. 

The Geological Survey has at present 
an extensive, organization under the In- 
terior Department, devoting its energies 
to geological investigation of the United 
States, to topographic surveys conducted 
on a large scale, to a certain amount of 
paleontological work growing out of such 
scientific activities in connection with 
geological investigations, and, more re- 
cently, has had placed under its direction 
the initiation and carirying out of a vast 
scheme for the irrigation of the arid 
regions of the West, which it is expected 
wiU add to the fruitful soil of the United 
States many millions of acres. This Sur- 
vey is in friendly co-operation with other 
branches of the Interior Department, 
notably the Land Office, and with each 
State in the Union; with the Forestry 
Bureau of the Department of Agriculture, 
and with the various State geological and 
hydrographic surveys, exhibiting a highly 
intelligent organization of importance to 
science and of utility to the people, giving 
to and deriving help from individual geolo- 
gists connected with many of the large and 
even small universities and colleges of the 
country, and presenting altogether the most 
perfect system of geological investigation, 
combined with topographic and economic 
work known to any country. It has pro- 
duced a body of most capable men who 
are original in both their economic and 
scientific work. It has earned the confi- 
dence of Congress and the people, and its 
requirements both for research and publi- 
cation are being met with a generous hand. 

The credit for the inception of the Coast 
Survey is divided among various persons, 
though it would appear to have early en- 
listed the interest of President Jefferson 
and Secretary Gallatin, and to have been 
powerfully stimulated by the arrival in this 
country of Ferdinand Rudolph Hassler, 
a Swiss, who virtually made the plans 
upon which the subsequent operations of 
this Survey were prosecuted. 
The Survey dates its origin from an Act 



of Congress passed in 1807 for surveying 
the coasts of the United States. It had 
a checkered and somewhat intermittent 
career until 1832 when it was reorganized, 
though its control has from time to time 
alternated between various departments. 
It was attached to the Navy Department 
for a brief period ; then for many years it 
was under the Treasury, and by Act of 
Congress of this year has been transferred 
to the new Department of Commerce. It 
has had as its Superintendents after Hassler 
such eminent men as Bache, Peirce, Patter- 
son, Hilgard, Mendenhall, Pritchett and 
its present incumbent, Tittman. It has 
now over one hundred field officers, and a 
fleet of twelve steamers and six sailing 
vessels, besides many launches and small 
craft. In addition to topographic work 
it carries on geodetic and magnetic surveys, 
it has had an office of weights and measures, 
and has been custodian of the National 
standards. The development of this last 
function recently, and with the fullest co- 
operation of the Coast Survey, has resulted 
in the establishment of an independent 
Bureau of Standards of large scope. 

Superintendent Tittman, in a recent de- 
scription of its work, stated that it had since 
its inception made about 30,000 square 
miles of topographic surveys, sounded 
minutely nearly 300,000 square miles of 
water and made deep-sea soundings over 
httle less than a milHon square miles. It 
has completed a first survey of the Atlantic 
Gulf and Pacific Coasts of the United 
States, and its triangulations cover between 
300,000 and 400,000 square miles. It has 
pubhshed over 500 charts besides the Coast 
Pilot volumes of the Atlantic and Pacific 
Coasts; and carefully studied the laws of 
the earth's magnetism (these latter being 
now investigated through magnetic obser- 
vatories in co-operation with foreign govern- 
ments), and its geodetic work is also being 
carried on with international co-operation. 

The Coast Survey, moreover, is fre- 
quently called upon to serve, through its 
officers as experts, in the determination of 
boundaries, whether between the States or 
in matters involving disputes with other 
nations holding territory adjacent to the 
United States. Since the Spanish- American 
War, important labors have devolved upon 
the Survey in Porto Rico and in the Philip- 
pines, where coast surveys are urgently 
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needed and are of high importance for 
military and commercial purposes. 

The difference between the unscientific 
and the scientific idea of the order of this 
world, already alluded to, can hardly be 
emphasized more than in the conception 
which made a meteorological bureau ra- 
tional and possible. " The wind bloweth 
where it listeth" was the conception of 
ancient times, but the eighteenth century 
had already reached the idea that the 
movements of the winds, from the Trades 
which blew across the planet to the eddy 
that whirls the dust in the street, are as 
much subject to law as are the courses of 
the stars. 

A meteorological service, then, was the 
next one which attracted the attention of 
the Government. Josiah Meigs, who was 
in 1814 appointed Commissioner of the 
General Land Ofiice, was, after Franklin, 
the most distinguished scientific meteorolo- 
gist in the United States, and as early as 
1817 he urged upon Congress the establish- 
ment of meteorological registers in connec- 
tion with the Land Ofl&ce. Two years 
following, through the co-operation of the 
Surgeon General of the Army, reports were 
made at the end of each month by the 
medical officers at the various mihtary 
posts. The Patent Office, the Engineer 
Department of the Army, and certain local 
agencies, furthered this work, while with 
the discovery of the electro-magnet and 
the invention of the telegraph, new and 
immensely important possibilities were 
opened both in the collection of meteoro- 
logical data and their use in predicting 
storms. This procedure, first suggested 
by W. C. Redfield, was afterwards pro- 
moted by Lieutenant Maury, but first 
realized at the Smithsonian Institution 
under the immediate supervision of Joseph 
Henry, who, as early as 1856, had estab- 
lished there the essential features for the 
prediction of meteorological phenomena. In 
1858 a large weather map was on daily 
exhibition at the Smithsonian Institution, 
and this work was continued, though 
necessarily with restricted means, until 
after the close of the Civil War, when it 
was formally transferred to the Chief Signal 
Officer of the Army, where it remained 
until it was placed under the direction of 
the Department of Agriculture. 

The Weather Bureau is now a highly 



equipped organization under a Chief, 
Willis L. Moore, the officer third in rank 
in the Department. The country is cov- 
ered with its stations. Its reports, is- 
sued twice daily, have come to be looked 
for in every portion of the United States 
by all the people, whose daily life is to 
a certain extent influenced by them, and 
the value of its work in the saving of life 
and shipping on the coasts by its prediction 
of storms and floods, as well as the saving 
to the crops through timely notice of sudden 
changes, such as frosts, etc., is incalculable. 

The work which the people know best 
is the general forecasts of the weather, 
which are conducted on the best obtain- 
able system ; forecasts which, though 
founded on an order of things as subject 
to law as the courses of the stars, are far 
from having yet reached the precision of 
astronomical science, though the results 
obtained are unrivalled in their excellence 
by those of any other nation. The' prepara- 
tion of the weather map involves the daily 
sounding of the heights of the aerial ocean 
above, simultaneously by observers all 
over the country, and the joining of these 
sounding stations on the map by contour 
lines which indicate the direction of that 
great aerial ocean's flow. This direction 
cannot of course be determined with any- 
thing like the certainty attainable in the 
deduction of the path of a star, yet the 
result, though still a probability only, is a 
very useful one by which we all guide our 
daily lives. Will it be greatly better for 
us if it is ever otherwise, and we come to 
the time when we know long in advance 
what the weather will be, and this and 
many other like uncertainties are wiped 
out from the variety of our daily Uf e ? 

These general maps are prepared in the 
office at Washington, from despatches sent 
by local offices, and the Bureau's use of 
the telegraph service alone costs $300,000 
per annum. It distributes in the shape of 
cards, maps, and publications nearly 55,- 
000,000 pieces yearly, and in cases of 
special agricultural industries, particu- 
larly susceptible to destruction through 
changes in weather, special services have 
been established, notably for cotton, sugar, 
and rice, in the Southern States, and for 
fruit and wheat in California. 

Meteorology is a science which, in the 
main, can only be prosecuted successfully 
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through the Government, owing to the fact 
that deductions must be based upon a 
great number of observations carried on 
for long periods and over wide areas; so 
that incidentally to, and prerequisite for, 
the conduct and improvement of its prac- 
tical and economic work, scientific investi- 
gations of the highest moment have been 
from time to time carried on under the 
auspices of this branch of the service. The 
most notable of these in recent years has 
been the aerial research of studying mete- 
orological phenomena at high altitudes 
through the use of kites, experiments in 
wireless telegraphy, and in other fields 
relating to atmospheric phenomena. A 
scientific man whose name has long been 
honorably associated with this original 
work is Cleveland Abbe, who has been 
connected with the service since 1867, and 
who still continues active as a prosecutor 
of it, and as Editor of the Bureau's publi- 
cations. 

To John Quincy Adams the foundation 
of the Naval Observatory is due. As early 
as 1818, as Member of Congress, he pro- 
posed it; he urged its establishment while 
president; after his retirement he con- 
tinued to favor it. As a Member of the 
House of Representatives, he endeavored 
to direct the Smithson bequest toward 
establishing an astronomical observatory 
and the publication of a nautical almanac, 
and he continued his advocacy of such an 
institution until it was actually formed and 
placed under the Navy Department. 

The beginnings of the Observatory 
appear actually to have been made during 
the Presidency of Mr. Adams, for in 1825 
there seems to have been the nucleus of 
an observatory on Capitol Hill. In 1842, 
Congress authorized the establishment of 
a permanent depot of charts and instru- 
ments which, though not specifically an 
observatory, was yet, with the approval of 
President Tyler, actually begun as one, and 
in 1844 Lieut. M. F. Maury became super- 
intendent of the Depot. In 1861, Gillis 
became superintendent, and for years the 
Observatory has been in the general charge 
of an officer of the navy, with an Astronom- 
ical Director and a Superintendent of 
the Nautical Almanac. Among the promi- 
nent scientific officials has been Simon 
Newcomb, who is ranked among the most 



distinguished living astronomers. The 
Observatory's equipnient includes ample 
grounds. 

The Observatory, it has been remarked 
by scientific men not connected with the 
Government, has an inherent difficulty in 
its dual organization. It is not unlikely 
that at some time in the future, its form of 
organization will be changed; indeed, 
certain changes have been made looking 
to the improvement of the present con- 
ditions. The present Secretary of the 
Navy has seriously taken up this question 
of organization, and useful results may 
be expected, but it is in fairness to be 
remembered that the establishments of the 
Government are created more for the pur- 
pose of making the discoveries of science 
useful to the people, than for origi- 
nal research. It is essential that scien- 
tific officers of the Government should 
have some opportunity to make original 
studies, if only for the purpose of keeping 
their minds fresh and open and in touch 
with the new work of the day; but, in the 
nature of things, the greater part of the 
work of the Naval Observatory must be 
passed in the furthering of utilities which 
cannot appeal to the popular imagination 
for applause. 

It was in this same period that the begin- 
nings of the National Botanic Garden 
were laid, though it was not definitely 
estabUshed until much later. The Wilkes 
Exploring Expedition brought back a large 
number of living plants, and these were 
kept for a number of years in the green- 
houses adjoining the Patent Office which, 
as has been above mentioned, temporarily 
served as the National Department of 
Science. 

In 1852 these collections were removed 
to the present site of the Botanic Garden 
on the south side of Pennsylvania Avenue, 
west of the Capitol, and this Garden has 
been maintained under the present Super- 
intendent, Mr. W. R. Smith, whose train- 
ing was had at the Kew Botanical Gardens. 
It is in no way his fault that the locality 
and area are not favorable to the extension 
of the Gardens, which, although developed 
to as high a standard of proficiency as 
possible under present conditions, can 
hardly, in their present area and location 
be expanded into a botanical garden worthy 



86 



The Scientific Work of the Government 



of the Nation, and it is understood that it 
will be natural that this institution should 
pass under the charge of some existing 
department. 

Historians and philosophers have not in- 
frequently remarked that the stress of war 
results in the advancement of science and 
learning. Napoleon's invasion of Egypt 
carried in its train the unlocking of the 
mysteries of the hieroglyphs and the pro- 
duction of the great work " Description de 
I'Egypte." More recently the foundation 
of the University of Strassburg signalized 
the close of the Franco-Prussian War, while 
the establishment of the Johns Hopkins 
University was a direct resultant of the war 
between the States, and was intended, at 
least in the mind of the founder, to assist in 
heaHng the breaches this had created. 

It was during the darkest days of this 
same war that Congress established the 
National Academy of Sciences, whose cre- 
ation, foreshadowed by the organization of 
such private societies as the American 
Association for the Advancement of Sci- 
ence, had been long in the minds of pub- 
lic men. The actual need of scientific 
organization was shown during the war, 
when this nation apparently first awakened 
to the fact that in every department of 
activity, and more especially in the military 
and naval establishments, the services of 
scientific experts were required. During 
the war period, Joseph Henry, the Secre- 
tary of the Smithsonian Institution, was 
in almost constant intercourse with Presi- 
dent Lincoln; and in that era, before the 
days of specialization, he was called on to 
give advice on the most diverse subjects. 

It was then that the idea of a non- 
resident National academy, without locali- 
zation, like the National Academy of Paris 
or the Royal Society of London, but com- 
posed of eminent men, whose services 
might be called into requisition by the 
Government, was created. This body con- 
tinues in existence, as the most gener- 
ally representative and dignified aggrega- 
tion of American men of science, and 
while suffering under the disadvantages 
of not having a permanent home, nor 
officials whose time can be exclusively 
devoted to its work, has in special cases 
when called upon, rendered valuable ser- 
vice to the Government by its advice. 



The present Department of Agriculture 
owes its initiative to Henry L. Ellsworth, 
of Connecticut, who in 1836 began this 
work by acquiring, without expense, seeds 
and plants for experimental culture and 
distributing these under Post-Office franks 
given him by individual Congressmen. 

The first appropriation made by Con- 
gress for this purpose was in 1839, when 
the sum of $1,000 was appropriated from 
the Patent Office fund to enable the Com- 
missioner to collect and distribute seeds, 
agricultural statistics, and to make agri- 
cultural investigations. It was upon the 
recommendation of a Commissioner of 
Patents, David P. HoUiday, that Congress 
established the Bureau of Agriculture with 
its principal officer as a commissioner, and 
it continued under this control until 1889, 
when it became a department of the Gov- 
ernment. It was in the same year that 
the Congress passed a bill introduced 
by Justin S. Morrill, of Vermont, which 
was supplemented in 1887 by what was 
known as the Hatch bill, resulting in the 
creation or strengthening of State colleges 
in every State in the Union, the States 
having the power either to found a new 
institution or to strengthen an existing one, 
upon the condition of affording instruction 
in agriculture and providing a modicum 
of military training. 

The Department of Agriculture has 
become a large factor in the scientific life 
of the Government, so large as to render 
possible in a brief article only the barest 
enumeration of its activities. 

As noted above, it acquired the weather 
service, which had been successfully carried 
on through various agencies. In the dis- 
tribution of seeds already alluded to, its 
work has grown to vast proportions. 

The systematic investigations in nearly 
every department of biological science 
directly or remotely connected with the life 
and health and diseases of animals and 
plants, the observations of the life habits of 
all forms which may be either helpful or 
noxious to agriculture, investigations into 
the origin and spread, the restriction and 
the cure of contagious diseases among 
domestic animals, are but a part of its work. 
These are carried on in highly equipped 
laboratories by great numbers of investi- 
gators, whose work is welded by excellent 
organizers into a uniform, compact, and 
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intelligent whole, together with a system 
of distribution of information of a popular 
and untechnical character through suitable 
publications. This is aided by a most 
efficient support on the part of Congress, 
and all these and more have been the care 
of this Department, which has rendered 
service of incalculable importance, not only 
in the spread of ascertained knowledge of 
economic value, but in the enlargement in 
all domains of such knowledge, presenting 
the most signal success of such scientific 
organization yet undertaken by the Na- 
tional Government. 

In 1902 a partial reorganization was 
effected, the most conspicuous advance 
being the establishment and greater en- 
largement of the Department of Forestry, 
which is seriously grappling with the most 
interesting and important problem of the 
control of timber lands, not only upon the 
pubhc reserves, but even in the vast 
acreage in private hands ; and to such work 
the new division under the present charge 
of Gifford Pinchot is devoting itself. 

The surgeons of the Army and the Navy 
from early days exhibited their interest in 
scientific work, a number of them being 
among the pioneer naturalists and eth- 
nologists in America. As a result of the 
important professional labors of the sur- 
geons in the Army, and again, as an out- 
growth of the War between the States, the 
Army Medical Museum was established, 
with the Surgeon-General's Library, which 
is beheved to be the most complete medical 
Hbrary in the world, and which, under the 
direction of John S. BiUings, aided by 
Robert Fletcher, not only collected a 
unique library, but issued the most com- 
prehensively arranged and useful cata- 
logue known in any department of learning. 
It has added to it a medical and surgical 
collection of the highest importance to the 
profession and has stimulated the growth 
within the last few years of a military 
medical college. 

The United States Fish Commission, es- 
tabUshed in 1871, has illustrated in a most 
gratifying manner the great possibilities of 
applying earnest scientific work to the 
wants of the people, and these have brought 
about results of vast importance and of 
great economic value. It was established 
as an outgrowth of the Smithsonian Insti- 



tution under its Secretary, Spencer F. 
Baird, who is credited with the statement 
that a mile of ocean along our coasts can 
furnish more food products than ten miles 
of fertile land. During his hfetime it was 
to a certain extent carried on in connection 
with the Smithsonian Institution, and has 
done a great work for the advancement 
of our knowledge of the life of every de- 
scription of creature inhabiting the fresh 
waters of our country and the oceans 
surrounding it. It has increased to a 
degree hardly to be believed the quantity 
of fish available for our people, and has put 
within the reach of the poor, healthful and 
nourishing food, at one time only possible 
for the rich to enjoy. 

The general work of the Commission as 
administered is under three divisions, which 
are known as: 

(i) Division of Inquiry respecting food 
fishes. 

(2) Division of Fisheries. 

(3) Division of Fish-Culture. 

The principal part of its scientific work 
is under the first division, ordinarily known 
as the Division of Scientific Inquiry, and 
comprises : 

1. The investigation of the fishing- 
grounds of the Atlantic, Gulf, and Pacific 
Coasts and the inland waters of the United 
States, with the view of determining the 
food resources and the developing of the 
commercial fisheries. 

2. The investigation of the causes of the 
decrease of food fishes in the waters of the 
United States. 

3. The study of the waters of the coast 
and interior to determine the feasibihty 
of increasing their natural resources. 

4. The dissemination of information 
concerning the distribution and habits of 
marine animals and their capture, and 
their preparation for the markets. 

5. Examination into the adaptabihty 
of sites for fish-cultural stations and inves- 
tigation of the diseases incident to fishes at 
such stations and at large. 

The second division, known as the 
Division of Fisheries, deals with the eco- 
nomic phases of the fisheries themselves, 
such as the collection of statistical data, the 
study of the apparatus and methods of 
capture with special reference to their 
utihty and their effect on the fisheries, the 
best methods of utilizing the products, the 
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effect of fishery legislation, international 
fishery relations and all other matters 
affecting the economy of aquatic resources. 

The work of the Division of Fish Culture 
consists in the hatching and distribution 
of marine and fresh-water fishes for the 
purpose of maintaining existing fisheries, 
restocking grounds that have been depleted 
by over-fishing or injurious methods, and 
creating new fisheries either by the intro- 
duction of foreign fishes in the waters of 
the United States or transplanting native 
fishes as, for example, the establishment of 
the shad and striped bass fishery on the 
Pacific Coast. The results of the work of 
this division have been most gratifying. 
MiUions of pounds of fish are now captured 
in waters where they were originally un- 
known, and equally valuable results have 
been secured not only in maintaining the 
various important fisheries of the Atlantic 
and Pacific Coasts, but grounds which had 
become depleted are now supporting valu- 
able fisheries. This work is carried on at 
thirty-five hatching stations established by 
Act of Congress in the various States, and 
four railroad cars are in constant use in 
distributing their products, besides a num- 
ber of small boats, launches, and vessels. 

Entirely new avenues of scientific 
research have been opened by the Com- 
mission, with which the name of G. Brown 
Goode will ever be associated, most notably 
in the discovery of the deep-sea forms of 
the North Atlantic basin. His work, with 
the co-operation of such men of distinction 
as Alexander Agassiz and David Starr 
Jordan, aided by the faithful and efficient 
labors of a large staff of ichthyologists and 
fish-culturists, has resulted in securing a 
systematic investigation of the waters of 
the United States, and the biological and 
physical problems which they present. By 
a study of the methods of fisheries past and 
present, the causes of deterioration of fish 
in various waters have been discovered and 
remedies apphed, and useful food fishes 
have been enormously multiphed through- 
out the country; whilst important inter- 
national problems deahng both with sea 
and fresh-water fisheries, and with the 
problem of the fur seals, have been power- 
fully aided by this Commission and by the 
experts connected with it. 

And yet the expense of the Commission 
is inconsiderable when compared with the 



increase of wealth and the means of liveli- 
hood it affords the American people. 

There is practically no department of 
the Government in which expert scientific 
work is not called for. Especially is this 
true of the medical arms of the Army and 
of the Navy. The engineering work of 
both these services, the ordnance work, the 
construction of vessels, the Bureau of 
Steam Engineering, the Bureau of Navi- 
gation, all represent an aggregation of men 
making direct application of science to the 
needs of the Government, not infrequently 
resulting in original contributions to knowl- 
edge. 

Among these bureaus the Hydrographic 
Office of the Navy is deserving of special 
mention as illustrating an undertaking 
where the most direct appUcations of sci- 
ence are made. The hydrographic charts, 
over a thouand in number, plotted from 
original naval surveys, some made di- 
rectly by the Navy, some by vessels under 
the supervision of the Coast Survey, the 
deep-sea soundings, the issuing of sailing 
directions and of other aids to navigation, 
and the establishment of signals for dere- 
licts are but a few instances of the work of 
this ofl&ce. 

It is not so very long, as nations count 
years, since the length of a king of Eng- 
land's arm, marked rudely on an iron bar 
by a blacksmith's chisel, was made a 
national standard of lengths; and this was 
a real advance over a condition of things 
existing when almost every country had its 
own measures. 

In contrast to this, we have now in Wash- 
ington the Bureau of Standards, alluded to 
above in connection with the Coast Survey, 
which is intended for the purpose of the 
standardization of machines for measure- 
ment and other service, together with the 
instruments used in everyday life, as well 
as for philosophical apparatus. It is under 
the charge of a capable physicist and ad- 
ministrator, S. W. Stratton. Its work will 
comprehend researches in the domain of 
physics, extending both into chemistry and 
engineering, and Congress has appropri- 
ated funds for the erection of buildings and 
the purchase of apparatus. A mechanical 
laboratory costing about $125,000 and a 
physical building costing about $200,000 
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will be erected. This bureau is so new 
that its results can hardly yet be spoken of, 
but in a country like ours, in which so much 
of the national wealth and progress is due 
to inventive genius and improvement of 
machinery, any steps tending to the further 
introduction of exactness in this important 
branch of our national life cannot fail to 
be productive of most useful results. 

The Marine Hospital Service and the 
Department of Public Health, which 
among other things has under its care all 
federal supervision of these departments of 
sanitation, and so far as possible without 
conflicting with state laws, the control 
of all persons suffering from contagious 
diseases, has rendered a great service to 
the country by its intelligent handling of 
the various contagious diseases and plagues 
which from time to time have invaded our 
shores. Under this service a laboratory 
has been recently established where con- 
stant and successful experiments are being 
made in that most important branch of 
medical science, preventive medicine. 

The Bureau of Labor, established in 
1885, has, incidentally to its practical 
functions, done much valuable research 
work and in the collection and publication 
of statistics bearing upon social and eco- 
nomic problems, and has been effective in 
bringing about a better understanding of 
the conditions of human labor. 

Many agencies remain unspoken of, but 
among these, two, the National Library, 
known to the law as the Library of Con- 
gress, and the Smithsonian Institution, 
must have separate mention. 

Scientific research in the modern sense 
is impracticable without access to books, 
since it is incumbent upon each investi- 
gator to examine the works of his prede- 
cessors, and in announcing his results to 
state the extent of his dependence upon 
those who have preceded him in the field. 

The Library of Congress was not estab- 
lished, of course, with any such purpose in 
view. It was at first strictly what its name 
implies, and its need was felt even as early 
as the Continental Congress. The origin 
of the present library goes back to the 
removal of the Capitol to Washington, but 
in the very beginning, as early as 1806, it 



was recognized that Congress itself required 
something different from mere law books 
or important books of reference, and the 
general subjects which might now be 
termed polite literature and "the humani- 
ties" began to be incorporated in the 
Library at that early date. This policy, 
which has been kept up and extended, has 
made the Library in fact, if not in name, a 
National Library. 

From the Capitol it was removed in 1897 
to its splendid new building, one certainly 
better adapted to library purposes than 
any other in the world. This Library con- 
tained, in 1902, nearly 800,000 books and 
over 300,000 pamphlets, a total of over 
1,000,000 titles, this being exclusive of the 
law library and manuscripts, maps, pieces 
of music, and prints, which together make 
a total considerably over half a million. It 
is now virtually a general library, and 
while it bears some special relation to the 
needs of Congress, and of necessity devotes 
itself as one of its main features to Ameri- 
cana, is still a library universal in scope, 
and in it there is represented every depart- 
ment of human knowledge. Upon it the 
men of science connected with the Govern- 
ment may draw freely. 

By judicious expenditure of its enlarged 
means for the purchase of books within 
recent years, it has added materially to its 
collections in the physical and natural 
sciences, It is engaged in the publication 
of special lists and bibliographies which, 
while not directly intended for scientific 
purposes, yet have much value to science, 
and are a most efficient aid to the prosecu- 
tion of the scientific work of every branch 
of the Government. 

Of necessity special libraries also exist; 
that of the Surgeon-General's Office, the 
most notable, has already been alluded to, 
but the others, maintained by the Geological 
Survey, the Department of Agriculture, 
and indeed in every scientific bureau and 
office of the Government, are of increasing 
value and utility to persons engaged in 
special work. These are conducted and 
added to in harmonious relations with each 
other, and with the Library of Congress; 
so that without a common organization, 
there has grown up an understanding 
which avoids unnecessary duplication, and 
which arranges for the interchange of books 
among the various libraries, and altogether 
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furnishes a most efficient system for pro- 
curing and using scientific works. 

I come last to speak of the Smithsonian 
Institution. I have endeavored, in the 
little space allotted, to briefly review the 
scientific activities of the United States 
Government. Every administrator is prone 
to the natural risk of magnifying the work 
of his own department, but the Smith- 
sonian Institution, occupying a unique 
position in that it is a kind of ward of the 
Nation, has secured for itself so firm a hold 
upon the interest of the people of this 
country, and so distinguished a position 
abroad, that it may be spoken of objec- 
tively. 

The Smithsonian Institution, as is known 
to all men, originated in the bequest of an 
Englishmen, James Smithson, who died in 
1829 and left his fortune to the United 
States to found at Washington an estab- 
lishment under the name of the Smith- 
sonian Institution" for the increase and 
diffusion of knowledge among men." 
Congress after much discussion passed a 
law in 1846 founding the Institution. It 
created the "Establishment," or corporate 
body, consisting of the President of the 
United States, the Vice-President, the 
Chief Justice and the members of the 
Cabinet. It provided for a Board of 
Regents for its government, and for a Secre- 
tary who, as Secretary to both of these 
Boards, should be the executive officer. 
It named as the principal purposes to which 
the Institution was to be devoted, the 
establishment of a library, of a museum, of 
a gallery of art, the giving of lectures, and 
other cognate methods in carrying out the 
will of its founder. 

At the time of its organization, the 
Institution was relatively the best endowed 
scientific establishment in America. Its 
various purposes enumerated in its charter 
have been carried out. It formed a library 
(now to a great extent deposited in the 
Library of Coiigress) which is the best 
collection of transactions of learned socie- 
ties and of scientific periodicals in the 
United States, and one of the great collec- 
tions of the world. It began a museum, 
now known as the National Museum, and 
still under its charge, which in everything 
that pertains to the fauna and flora, the 
ethnology and geology of North America, 



is the most considerable in existence, and 
which bears within itself the nuclei of most 
important collections in American History 
in the progress of mechanic arts and in all 
the departments of learning which go to 
make up a museum of universal scope. 

The Institution exists for two main 
purposes : 

1. The Increase, and 

2. The Diffusion, of Knowledge. 

In addition to carrying on the objects in 
furtherance of these purposes enjoined 
upon it by its fundamental law, it has 
pubhshed from its private fund contribu- 
tions for the increase of human knowledge 
of almost every description, resulting from 
explorations, the study of collections, orig- 
inal investigations, and experiment. 

It has established also a system of inter- 
national scientific exchanges which has 
become a recognized means of bringing 
the learned institutions and learned men 
of all countries into closer relations. 

The income of this original fund has 
been in later years supplemented by annual 
appropriations from the Government, for 
extending and carrying on the work of the 
Museum, the Exchanges, the maintenance 
of a Zoological Park, an Astrophysical 
Observatory, and a Bureau of American 
Ethnology. The relation of the Institu- 
tion, as such, to these various agencies, is 
that of a trustee for the National Govern- 
ment, entrusted with their direction and 
supervision, and bearing the responsibihty 
for their proper and effective adminis- 
tration. 

The National Museum, under the direc- 
tion of the Smithsonian Institution, does 
not consist solely of objects for entertain- 
ment, but is rather a vast organized collec- 
tion of the ideas and works of man on this 
continent, beginning with primitive man, 
and showing how his simple arts and his 
simple faith grew into complex culture 
and organized religions. It is impossible 
here to give an adequate conception of the 
range of this collection, which includes 
with the material products of this continent, 
relics of the Nation's history in war and 
peace, and perhaps the finest existing col- 
lection of personal relics of Washington 
and other historic Americans. It is the 
place of deposit of the collections of the 
Bureau of Ethnology, which, under the 
care of the late Major Powell, has described 
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and published the history of primitive 
American man. Congress has just appro- 
priated three and one-half millions of 
dollars for the adequate housing of these 
great collections. 

The Bureau of International Exchanges 
is rather for the convenience of scientific 
men in the matter of difiusing their re- 
searches than a work of science in itself, 
though it spreads its operations over the 
whole world and has 30,000 correspondents 
outside of the United States. 

The National Zoological Park grew from 
a small collection maintained in the rear of 
the present building of the Institution to 
the occupancy of its present picturesque 
grounds of 167 acres, now embraced in the 
ever-growing city. Its fundamental ob- 
ject is the preservation of our North 
American game. It is not supposed that it 
can in this small space alone keep from 
extinction the races which are fast follow- 
ing the buffalo, but it can offer a city of 
refuge for them and an object-lesson under 
the immediate eye of Congress. 

The Astrophysical Observatory is deal- 
ing with man's relations to the sun and with 
problems which affect his welfare in a 
material sense. It has extended the known 
spectrum, through the invisible infra-fed, 
to an extent many times that known to 
Sir Isaac Newton. 

The establishment of the Smithsonian 
Institution at the time when it came into 
existence was a matter of supreme import- 
ance for the development of science in 
America. Sixty years ago, the funds for 
research were small and the avenues of 
publication inconsiderable. Two or three 
important scientific societies were in exis- 
tence, but their funds were limited. No body 
of scientific men anywhere acknowledged a 
leader, and at a time, too, when most im- 
portant investigations both in the physical 
and natural sciences were being made. 

The acceptance by the Government of 
the trusteeship of this fund of Smithson's 
gave a national centre for American science 
to gather about. It brought into existence, 
too, an organization which in Joseph Henry 
found a man strong enough to take up 
uninvestigated problems which had not yet 
been moulded into definite practical shape, 
and to advance their solution to a point 
where others might avail themselves of the 
Institution's work. 



This, in brief, was the early policy of the 
Institution, and continues so to the present 
day. As indicated in the preceding por- 
tions of this article, the Smithsonian Insti- 
tution has had much to do with originating 
work in other Government scientific de- 
partments. The importance of its early 
contributions to meteorology and to the 
estabhshment of what is now the weather 
service is universally acknowledged. It 
gave aid to those explorations which in a 
large measure resulted in the formation of 
the Geological Survey. The Fish Com- 
mission, the Bureau of Ethnology and the 
National Herbarium originated here. The 
system of international exchange of scien- 
tific publications, projected by the Smith- 
sonian, found no one to take it up until 
the Institution organized its work, and 
this system both of Governmental ex- 
changes and scientific exchanges, it con- 
tinues to administer. Not so well known 
are its relations to such remote matters as 
the acoustics of the Hall of the House of 
Representatives, the methods by which 
vessels signal in fogs and the work of the 
Light-House Board. 

In pursuance of its motto " Per Orbem," 
it has aided by grants not only in the United 
States but in other parts of the world, in- 
vestigators engaged in original scientific 
work. It has published treatises contain- 
ing new information of great value to 
students, and it has distributed among the 
people probably more than a half million 
volumes containing accurate scientific in- 
formation in popular form. Ethnological 
researches among the American Indians 
were powerfully stimulated by it from 
its inception, and the first volume of its 
well-known series of "Smithsonian Con- 
tributions to Knowledge" was upon this 
subject. The researches made here in con- 
nection with the problem of aerial naviga- 
tion have been largely instrumental in 
taking this work, heretofore derided and 
considered impracticable, into the realms 
of respectable and active scientific investi- 
gation. 

Through a special fund, known as the 
Hodgkins Fund, a portion of which is 
devoted to the investigation of atmospheric 
air in relation to the welfare of man, our 
knowledge of the composition and prop- 
erties of the atmosphere has been greatly 
extended. The Institution laid the foun- 
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dation of methods of scientific library 
work in cataloguing, which so distinguishes 
American libraries from others, it originated 
the project of cataloguing all scientific 
papers by international co-operation and is 
at present, in default of any action by 
Congress, acting as the representative of 
the United States in the present Inter- 
national Catalogue of Scientific Literature 
published by a bureau with its seat at 
London. Under its auspices, and through 
it, such organizations as the American 
Historical Association have issued many 
works of value to historians and public men. 
It remains in conclusion, to point out 
the fact not usually recognized, that it was 
through the gift of Smithson and its accept- 
ance by the Government that the steps for 
Governmental science, which were deemed 
difficult under constitutional limitations, 
were gradually made easy after the Insti- 
tution was founded. Direct appropria- 
tions for science were, and continue to be, 
resisted upon constitutional grounds, but 
when the Smithson Fund was finally ac- 
cepted by the Government and provision 
for carrying out the will of its founder wc s 
made, and Congress imposed upon tht 
Institution obligations which its fund was 
not sufficient to meet, notably the estab- 
lishment of a museum for the reception, 
care, and exhibition of the results of 
Government exploring expeditions, the 
step was made easy for Congress to provide 
through the Institution for carrying out its 
own behests; and much easier than if the 
different organization of such establish- 



ments outright and upon an independent 
basis had been attempted. 

It is difficult to get practical men to proT 
vide for projects which are still in the 
experimental stage. The work necessary 
to the creation of the Weather Bureau and 
the Fish Commission would probably never 
have been accomplished but for the exis- 
tence of an agency which provided for the 
initial and experimental stages of these two 
important National scientific projects. In- 
deed, so obviously practical a thing as 
scientific agriculture was promoted by the 
Smithsonian Institution in conjunction 
with the Commissioner of Patents, in the 
days when Congress had not yet seen its 
way clear to take this up. 

It is not to be doubted that the philosoph- 
ical workers of the United States will in the 
future recognize as the two dominant fac- 
tors which produced the National scientific 
activity, first, the practical need of the 
Government for expert work in every 
department, and second, the establishment 
of the Smithsonian Institution, which, 
without violating the political consciences 
of our statesmen, enabled them to provide 
the means for scientific work whose ulti- 
mate economic importance has proven of 
the highest value to the Nation. 

Such and so numerous are the scientific 
bureaus of the Government that it has 
seemed impossible, in this brief space, to 
do more than catalogue them, though 
each would become an interesting study if 
treated in detail, which would occupy a 
volume rather than an article. 
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A METHOD OF AVOIDING PERSONAL EQUATION IN 
TRANSIT OBSERVATIONS 

By S. p. LANGLEY 

Many years ago the writer devised and published^ preliminary 
accounts of a method for avoiding the so-called " personal equa- 
tion " in observations of the time of transit of stars. The following 
quotation from the article cited will give the fundamental idea 
described in the former article, to which the present one adds some 
more recent experiments and slight modifications. The writer, 
after speaking of the comparative merits of and objections to a 
photographic method, and one where the star is seen intermittently 
projected on wires which are illuminated by consecutive flashes, 
observes : 

" There is one particular case, however, where the result is the 
same for both, that, namely, where when the flash comes, the star 
is on the wire and Ijisected by it; in this case we know its position 
as accurately by the eye, as if we bisected its image on the plate 
by the wire of our micrometer. If we suppose, then, that by a 
happy accident, the flash came just as the star was crossing the 
first wire, this wire would be sharply defined on the disc of the 
star and bisecting it, and a simultaneous record on the chronograph 
(made without the intervention of the observer) would evidently 
give us the same result as though the star had recorded its own 
passage by an electrical contact. Further, we may particularly 
notice that it is immaterial whether the star was at rest, when thus 
seen, or in motion. Now what we have just supposed as a single 
case of a favorable chance among hundreds, it will be our task to 
make occur, whatever the wire interval, and for any star observed." 

In illustration let it be imagined that the observer is watching 
the passage of the star through the field of his telescope, but that 
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he has no illumination of that field sufficient to discern the wires 
of the tally. Suddenly a flash illuminates the field, and we may 
suppose that by accident this occurs just at the instant when the 
star image is bisected by the central wire. If now the flash had 
recorded itself automatically on the chronograph, an observation 
independent of the ordinary personal equation would have been 
obtained, since we know where the star was at that recorded time 
of observation. 

The device I have already described consisted in making this 
unlikely accident occur for any star, and for numerous wires of 
the tally. 

At the time when it was first devised, such a method consisting 
not in correcting time observations for personal error committed, 
but in preventing the committal of such errors, was unique, and it 
had for the writer the good fortune of attracting the interest and 
commendation of Professor Clerk Maxwell. But the writer was 
prevented by distinct duties from developing it, and more recently 
Repsold and others have attacked the same problem in another way, 
with much success. Still it is possible that this older method may 
prove of value, and I have thought best to give this brief account 
of some recent trials of it. 

The instrument whose purpose is to illuminate the field at the 
required instants, was constructed from my design by A. Hilger, 
as follows : A conical pendulum consisting of a graduated rod with 
a heavy ball which may be set at any height on the rod, is suspended 
by two pairs of thin flat springs acting as a universal joint. At 
the lower end of the rod is a needle which, as the pendulum revolves, 
governs the rotation of a grooved arm carried by a clock-work 
which also drives a drum carrying fine platinum brushes which make 
instantaneous electrical contacts at each revolution. (Plate lvii.) 
Thus the intervals between these contacts are governed by the rate of 
the conical pendulum, which itself goes fast or slow according as the 
ball is raised or lowered on the rod, this rod being graduated so 
as to correspond with the declination of any star between o" and 
60°. Knowing the declination of the star, it can be arranged 
beforehand, therefore, that the interval between contacts is equal 
to the average interval between transits of the observed star across 
the successive wires of the tally. By appropriate electrical connec- 
tions this system of contacts is caused to produce a system of 
instantaneous discharges in a vacuum tube, which is used in place 
of a lamp to illuminate the cross wires of the telescope, and if the 
star be first seen, for instance, half way between the first and second 
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wires of the tally, it will be seen at the second illumination half way 
between the second and third wires, and so on. 

We have thus arranged that flashes shall occur at recorded in- 
stants, without limit as to number, and at intervals such that if 
one, by chance, occurs when the star is bisected by a wire, it will 
be seen bisected by all the wires in succession. It now remains to 
arrange that this bisection shall actually occur. This is accom- 
plished by providing an independent control of the position of the 
contact points under the clockwork, so that with a cord in the hand 
of the observer he can cause the series of contacts to occur sooner 
or later, without altering the interval regulated by the pendulum. 
Thus if the flash comes a little too early for bisection of the star 
image by the first wire of the tally, a slight adjustment is made, 
delaying the succeeding flashes, and with a little practice one or 
two adjustments suffice to secure bisection. To add the weight 
of independent observations, several displacements and readjust- 
ments may be made during the passage of the star over the tally. 

As the times of all the flashes are recorded automatically upon the 
chronograph, an independent signal is made by the observer to 
mark each flash which has revealed a satisfactory bisection. 

I have thus far given the device substantially as described in 
the early paper. To test the value of the method under circum- 
stances admitting of distinguishing error, an artificial star was 
arranged to move by an accurate clockwork at about the apparent 
rate of an actual equatorial star. The shaft which carried the 
screw by means of which the artificial star was moved, had upon 
it an arm provided with an adjustable point which instantaneously 
broke an electrical circuit at each revolution. By careful adjust- 
ment, zvith the artiftcial star stationary, it was arranged that exact 
bisection took place at the middle wire of the tally, and with the 
point in position to break contact. Thus the artificial star was 
caused to record its own time of transit upon the chronograph 
wholly without personal equation of time. 

A transit instrument of 2^ inches aperture and 48 inches focal 
length was kindly loaned me by the Superintendent of the United 
States Coast and Geodetic Survey, for the purpose of making an 
experimental test of the personal equation machine. 

In reconsidering the theory of the method a possible cause of 
failure appeared. The observer sees the star continually moving 
across the limited field of view, and thus his mind may uncon- 
sciously be influenced by the perception of motion, just as it un- 
doubtedlv is in observations by the usual method. In order to 
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overcome this objection a rearrangement of the apparatus was made 
so that instead of intermittently obscuring the wires of the tally, 
the wires were now continuously illuminated as in the usual method, 
but the star itself was obscured by a shutter, except at the instants 
when the wires had formerly been illuminated by the glow tube. 
As thus modified the observer by this second method sees the star 
only during well-separated intervals of a hundredth of a second or 
less, so that all appearance of motion is avoided. This device, 
suggested by Mr. Abbot, appears to be an improvement on the 
former method, and has been used in the observations presented in 
the accompanying table. These observations were made by three 
observers, C. G. A., F. E. F., and N. E. G., of whom F. E. F. was 
most experienced in observing transits without the personal equation 
machine, and accustomed to its use by the former method, but less 
practiced than the others with the machine as now employed. 

The general result appears to be in favor of the personal 
equation machine. In the case of the observer C. G. A., whose 
usual equation was about — o.io seconds when observing without 
the machine, the error became only — 0.016 seconds with the 
machine; and the average deviation was reduced slightly. Sim- 
ilarly with the observer N. E. G., whose direct observations were 
usually rather variable, but which now yielded an average personal 
equation of + 0.106 seconds, the employment of the machine was 
of marked advantage, reducing his personal equation from 0.106 
to 0.029 seconds and the average deviation of it from 0.080 to 
0.033 seconds. With the observer F. E. F., the usual personal 
equation was small and the average deviation of it was slightly 
reduced. 

So far as it has been tried, then, the advantage of observing by 
the aid of this device seems to be marked. 
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THE REMOVAL OF THE REMAINS OF 
JAMES SMITH SON 

By S. p. LANGLEY 

The remains of James Smithson, founder of the Smithsonian 
Institution, who died June 27, 1829, at Genoa, Italy, were deposited 
in the little cemetery belonging to the English Church, on the 
Heights of San Benigno, a solitary spot planted with cypress trees, 
and looking down upon the Gulf of Genoa. lu'iSgi the Secretary 
of the Institution visited the grave, and, with the approval of the 
Regents, deposited with the Secretary of the English Church Fund 
a small sum to invest in Italian five-percent rentes, for its perpetual 
care. It was visited on two later occasions by the Secretary, who 
placed a bronze tablet containing a bas-relief of Smithson, in the 
English Church, and one also at the tomb, whence it was subsequently 
stolen. 

At this time it was understood that there was a probability that 
before many years the site of the cemetery might be required by the 
Italian authorities, and the following communication to this effect 
was made to the Secretary on the 24th of November, 1900, by the 
Committee of the British Burial Ground : 
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7 Via Garibaldi, Genoa, 

24 November, 1900. 
Samuel Pierpont Langley, Esq., LL.D., D.C.L., 

Smithsonian Institution, Washington. 
Dear Sir: 

The Committee of the British Burial Ground of Genoa (of which 
you are aware Her Majesty's Consul is Chairman), fully realizing 
how keenly you are interested in all that concerns the resting place 
of the respected Founder of your Institution, has deputed me to 
write to you and lay before you the present position of our Cemetery. 

It will lie in your recollection that when I accompanied you some 
years ago up to the heights of San Benigno, you were struck by the 
enormous quarry which was slowly but surely eating its way towards 
us from the sea through the rocky side of the hill on which we 
stand, and excavation has lately come so close to us that the inter- 
vention of the Consul became necessary to arrest further advance on 
the plea that our property would be endangered if the quarrying 
were carried on. 

Actual blasting has in fact been put rn end to for the present, and 
the Cemetery (although the boundary wall is now on the very edge 
of the excavation) remains untouched ; but the local authorities who 
are the owners of the quarry have given us to understand that they 
need more stone for their harbor works, and are therefore anxious 
to see our graves transferred from the position they now occupy, 
for which purpose they would give us a suitable piece of ground in 
another part of the town and would also undertake the due and 
fitting transport of the remains. Should our answer be in the nega- 
tive, it is intimated to us that in .five years' time, in 1905, the term for 
applying the Law for Public Utility (twenty years after the date 
of the last burial) will have been reached, and we shall then have to 
give up of necessity what we are now asked to yield as a concessiori. 

Under the circumstances, the Committee have decided that it is 
their best policy, in the interest of all concerned, to begin to negotiate 
at once for the transfer on a decorous footing of the British Ceme- 
tery and all its tombs, and although some considerable time may 
elapse before this transfer is accomplished, yet it is evident that the 
time has now come for us to ask you to prepare your decision as to 
what is to be done with regard to the James Smithson remains. Are 
they to be laid with all possible care and reverence in new ground 
here, or are they to be conveyed to the United States ? 

Awaiting the pleasure of your reply, I beg to remain, 

Very faithfully yours, 

E. A. Le Mesurier. 

This communication was laid before the Regents, who, at their 
meeting of January 23, 1901, adopted the following resolution: 

Resolved: In view of the proposed abolition of the English 
Cemetery at Genoa which contains the remains of James Smithson, 
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that the Secretary be requested to arrange either with the English 
Church or with the authorities of the National Burying Ground at 
Genoa for the re-interment of Smithson's remains, and the transfer 
of the original monument. 

At a meeting of the Regents held on the 226. of January, 1902, 
the Secretary recalled to the Board the resolution adopted at its 
previous meeting, and stated that the wishes of the Board with 
regard to the removal of the remains of Smithson had been com- 
municated to Mr. E. A. Le Mesurier, one of the ofHcers of the 
English Church at Genoa, who, under date of December 23, 1901, 
had replied in part as follows : 

You are aware that our hope is eventually to obtain for our 
countrymen a separate burying-place which by an easy, and I may 
say obvious, arrangement might be made to give shelter not merely 
to British subjects but to American also. I regret to say, however, 
that I see no chance for the present of this most desirable consum- 
mation, as the authorities (apparently in consequence of the diffi- 
culty of finding an alternative site) have withdrawn their offer of 
providing us with a fresh cemetery if we allowed them to transfer 
at once all remains from San Benigno, where your Founder rests. 
The present policy of the authorities is presumably to let things 
remain as they are until the time comes (three years or so hence) 
when the Law of Public Utility will strengthen their hands as to 
taking possession of the San Benigno ground, of course under the 
obligation of transporting the remains elsewhere, which would in all 
probability mean a portion of the general Protestant cemetery and 
not a separate place of interment. When the time for the transfer 
approaches, it will be obviously expedient to apply to the British 
Ambassador at Rome (backed up, as we are confident will be the 
case, by the friendly offices of the Representative of the United 
States) to put the case before the Italian Government, so that the 
local authorities may be enjoined to carry out the process with all 
due reverence, and if possible (as it ought to be possible) to a 
especially reserved new Cemetery. Our Consul is most fully alive 
to the importance of diplomatic support and will take the initiative in 
due course. 

Doctor A. Graham Bell, a member of the Board, took occasion 
to reiterate the strong feeling expressed by him at the preceding 
meeting of the Regents, that the remains of Smithson should be 
brought to this country. 

At the regular meeting of the Regents held on December 8, 1903, 
the Secretary read the following letter from the United States 
Consul at Genoa, and that from the Committee of the British Burial 
Ground Fund in Genoa: 
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Consular Service, U. S. A. 

Genoa, Italy, November 24th, 1903. 
Dr. S. p. Langley, 

Secretary of the Smithsonian Institution, 
Washington, D. C. 
Dear Sir: 

Referring to my letter of June 30th last, I now forward enclosed 
circular letter just received, which shows that the final step in the 
demolition of the old British Cemetery is about to be taken. If you 
have any desires to express as to the disposition of the remains of 
James Smithson, and instructions to give, these should be made 
known with as little delay as possible. 

You will see by my letter above mentioned that there is a tradi- 
tion here of some opposition to the removal of James Smithson's 
body to America on the part of relatives in Europe. I was informed 
at the British Consulate that the source and character of this opposi- 
tion has been made known at some time to the Smithsonian Insti- 
tution. I can learn nothing further of it here. You are therefore 
in possession of such information as can be had for your guidance in 
adopting a course of action as to the disposition of the remains. 
You will notice that instructions are requested by the Cemetery 
Committee before January ist, 1904. 

I am quite at your service in the matter of any assistance that 
may be needed here. 

I am informed by the Agent of the American Express Company 
here, he would transport the body to Washington for $203. This 
would not include taking up the body nor the coffin, the boxing, etc. 
A Government tax of 360 lire (approximately $72.00) has also to 
be paid on every body taken out of the country. The total expense 
at a rough estimate might come to $400.00 or to $500.00 if some- 
thing unusually handsome in the way of a casket were called for. 
All due economy would be used. 

Believe me 

Very truly yours, 

William Henry Bishop, 

U. S. Consul. 
{Enclosure') 

Genoa, November 23, 1903. 
Sir, 

We have the honor to inform you that the old British Cemetery, 
on the heights of San Benigno in this city, has been expropriated 
by the Italian authorities, and will shortly be demolished. 

The remains of all persons buried there will be removed to the 
new British Cemetery at public expense, and the tombstones will 
also be removed, and re-erected over the new graves, by the under- 
signed Committee, unless otherwise desired by the representatives 
of the deceased. 

It has been impossible to ascertain the addresses of these repre- 
sentatives in every case, and this letter is sent to you with reference 
to the grave of James Smithson. 
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Kindly address any communication you may wish to make on this 
matter to 

Noel Lees Esq., 
Care of H. B. M.'s Consul-General — Genoa 
before January ist, 1904. 
And believe us, 

Yours faithfully 

The Committee 

British Burial Ground Fund 

Genoa. 

Doctor Bell renewed the proposal made by him at the previous 
meeting of the Regents, that the remains of Smithson be brought to 
this country at his expense, and after some remarks the following 
resolutions were adopted : 

Resolved: That Doctor A. Graham Bell be appointed as a com- 
mittee to take charge of the matter of the removal of the remains of 
James Smithson from Genoa to Washington, with the request that 
the negotiations and removal be conducted quietly and privately. 

Resolved : That upon the conclusion of this duty, all expenses 
involved by it be reimbursed to Doctor Bell from the funds of the 
Institution. 

Doctor Bell, accompanied by Mrs. Bell, sailed on the 15th of 
December for the port of Cherbourg in France, and going thence to 
Genoa, commenced at once the arrangements for the transfer of the 
remains, arrangements which would have occupied a quite indefinite 
time and incurred a corresponding delay, except for the aid given 
by the United States Consul, Mr. William Henry Bishop, which 
Doctor Bell gladly acknowledges. 

On opening the tomb in the presence of Mr. Bell, the United 
States Consul, Noel Lees, Esq. (official representative of the British 
Burial Ground Fund Association), and other witnesses, it was found 
that the remains of Smithson, represented by the skeleton, were in 
fair preservation, although the wooden coffin in which they had been 
enclosed had molded away. The remains were placed in a metal 
casket and deposited in the mortuary chapel of the cemetery, where 
they rested until January 2, when the casket was enclosed in a coffin of 
strong wood and covered with the American flag by Consul Bishop. 
On this occasion Doctor Bell, Mr. Bishop, and the other witnesses 
again assembled, and the following remarks were made: 

Remarks by William Henry Bishop, Esq., United States Consul. 

Doctor Alexander Graham Bell: You arrived here, my dear 
Dr. Graham Bell, charged by the Smithsonian Institution with the 
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mission of removing to Washington the remains of the Founder of 
that Institution, James Smithson, who has been buried till now in 
the cemetery where we stand, since his death, at Genoa, in the year 
1829. Having been invited by you and by the Smithsonian Institu- 
tion to aid you, to what extent I might be able, in this object, it has 
been a matter of great pride and pleasure to me that I have been 
allowed to do so. 

All the steps necessary to such removal have now been taken. 
We have received the authorization of the governmental heads of 
the Province, the City, and the British Burial Ground Fund, in which 
latter the title to the cemetery and the custody of the grave of James 
Smithson are vested, and all of these have kindly cooperated with us 
in the work. 

The body of James Smithson has now been reverently raised from 
the earth ; it has been placed in a case securely sealed, and this case 
stands ready to pass into the charge of the Steamship Company 
which will convey it to New York. 

I assure you that it is with a feeling of real emotion that I have 
just now cast the American flag over the body of this illustrious 
man, this noble but as yet little known benefactor, as it is on the 
verge of beginning its journey to the United States. The flag 
adopts him already, as it were, in the substance, for our country, to 
which he has so long belonged in the spirit. He is now about to 
receive there a portion of the outward veneration and homage he so 
supremely merits, and which, owing to the modest circumstances of 
his life, and his interment here in some sense almost forgotten, he 
has never had. 

Shall I admit that on taking possession of my post as Consul at 
Genoa, I did not even know who James Smithson was? I may say 
that I was surprised to learn that he was buried at Genoa; more 
surprised still that he was an Englishman, who had never even set 
foot in America. He left his great bequest to the United States, 
then in its infancy, through admiring confidence in our future. It 
is likely that many, or even most, Americans are in the same condi- 
tion as was I myself; for occasion has rarely arisen for taking 
thought as to the personality of the man. Happily this unen- 
lightened condition of mind is about to cease. 

Dr. Graham Bell, I wish you a hearty God-speed across the ocean, 
with your precious freight. The American people will receive it 
with general gratification, and, through the Smithsonian Institution, 
will soon delight to pay it great honor. 

Response by Doctor Alexander Graham Bell. 

Mr. Consul: It is with feelings of deep emotion that I under- 
take the transportation of the remains of James Smithson from the 
cemetery where they have so long reposed, to their last resting place 
in the United States. 

On behalf of the Smithsonian Institution allow me to thank you, 
Mr. Consul, for the unwearied zeal and care with which you have 
given me your assistance. Without your active cooperation — and 
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without your personal sympathy — it would have been difficult indeed 
for me to have accomplished the object of my mission here. 

On behalf of the Smithsonian Institution, I beg to thank you too 
— Mr. Noel Lees — for your courtesy and attention; and trust that 
you will convey to His British Majesty's Consul General, and to the 
Committee of the British Church Burial Ground Fund, my thanks, 
and the thanks of the Institution I represent, for their ready assist- 
ance in furthering my mission. 

The United States of America will provide in Washington, D. C, 
a suitable and permanent resting place for the reniains of her great 
benefactor, James Smithson, through the instrumentality of the 
Smithsonian Institution — the Establishment created by the Govern- 
ment to perpetuate his name. 

Remarks by Noel Lees, Esq. 

Doctor Graham Bell : I beg to thank you heartily for the words 
you have said with regard to the aid you have received from the 
Burial Board and myself. Although we regret to lose the remains 
of James Smithson, we at the same time feel that in the country to 
which he left his money, with such charitable intent, his remains will 
receive the honor and glory which have so long been due to them, 
and we must understand that our loss is America's gain. To us it 
will always remain a pleasant memory that, from the date of his 
burial to the present day, we have had in our custody in this pic- 
turesque Httle church-yard, the remains of a man whose foresight 
and kindness have enabled so many in the New World to benefit. 

On the conclusion of these remarks the remains were placed on 
board the steamer Princess Irene of the North German Lloyd line, 
which brought them to New York, where they arrived on the night 
of January 19, in the continued charge of Doctor Bell, the vessel 
reaching her dock at Hoboken early on the morning of the 20th. 
By direction of the President of the United States, the U. S. steamer 
Dolphin had been detached to meet the Princess Irene in the lower 
bay and to accompany her up the harbor, while a tug belonging to 
the Navy Yard attended at the dock to receive the remains and 
transport them to the Dolphin. They were received by Mr. Bell and 
the Secretary of the Institution, Mr. Bell accompanying the remains 
to the Dolphin and taking passage on her himself for Washington, 
where she arrived at the Navy Yard on Saturday the 23d. 

On Monday the 25th the remains were transported by the Naval 
authorities, with suitable ceremonies, to the Navy Yard gate, where 
they were taken in charge by a cavalry escort furnished by the 
War Department, and, accompanied by Assistant Secretary of 
State Loomis, representing the President, by the British Ambassa- 
dor, the Regents and the Secretary of the Institution, and the 
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President of the Board of Commissioners of the District of Colum- 
bia, they were conveyed to the Smithsonian Institution, where the 
coffin, draped in the American and British flags, was deposited in" 
the center of the Main Hall of the building. 

Dr. Alexander Graham Bell, addressing Senator Frye in behalf of 
the Regents, said : 

Mr. Senator : I have the honor to hand over to the Smithsonian 
Institution the rnortal remains of its founder, James Smithson, a 
Fellow of the Royal Society of London, England, who died in 
Genoa, Italy, on the 27th of June, 1829. 

For nearly seventy-five years the body of Smithson has reposed 
in an almost forgotten grave in the picturesque little British ceme- 
tery on the heights of San Beningo in Genoa. City improvements 
have led to the expropriation of this cemetery and the removal of 
the remains,, and at the last meeting of the Board of Regents of 
the Smithsonian Institution I was appointed a committee to arrange 
for the transfer of the remains of Smithson to this country. On 
my arrival in Genoa, every facility was afforded me for the accom- 
plishment of my mission by the provincial and municipal authorities, 
by His British Majesty's Consul-General, Mr. Keene; by the Com- 
mittee of the British Burial Fund Association, in which is vested 
the ownership of the cemetery, as well as by our own Consul, Mr. 
William Henry Bishop, to whom I am much indebted for his valued 
services. 

On the 31st of December, 1903, the tomb of Smithson was 
opened in my presence, as the representative of the Smith- 
sonian Institution, and in the presence of the American Consul and, 
six other witnesses. The remains of Smithson were reverently 
raised from the grave and placed in a metallic casket, over which 
the Consul of the United States cast the American flag while the 
witnesses stood around with uncovered heads. The casket was then 
left in the mortuary chapel of the cemetery, securely sealed and under 
guard, until the 2d of January, when it was placed in a coffin of 
strong wood, as demanded by Italian law, and was then transported 
to the North German Lloyd steamship Princess Irene, accom- 
panied by the American Consul and myself. 

The steamer sailed from Genoa on the 7th of January, and upon 
arrival in the United States, the remains of Smithson were received 
with national honors by direction of the President, and of the Secre- 
tary of the Navy and the Secretary of War. 

The remains were brought to Washington on board the United 
States dispatch boat Dolphin, and have been escorted to the Smith- 
sonian Institution by United States cavalry. 

And now, Mr. Senator, my mission is ended, and I deliver into 
your hands, as the representative of the Board of Regents of the 
Smithsonian Institution, the remains of this great benefactor of the 
United States. 
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Senator Frye replied: 

Sir, the Smithsonian Institution receives with profound gratitude 
the remains of its distinguished founder. Providence, every now 
and then, seems to place in the world a man and inspires him with 
a purpose to elevate his fellow men. Such a man was Mr. Smith- 
son, the founder of this Institution. The spirit, Sir, which prompted 
you to such earnest endeavor, resulting as it did in taking these 
remains from their resting place in a country foreign to him and 
foreign to us, and bringing them here where for so many years we 
have enjoyed the rich fruits of his splendid benefaction, your coun- 
trymen will appreciate. His grave here will be an incentive to 
earnest, faithful, wise, and discreet endeavor to carry out his lofty 
purposes, and, Sir, it will be to our people a sacred spot while the 
Republic endures. 

The brief but impressive ceremonies of the occasion concluded 
with the following prayer, offered by the Reverend Doctor Randolph 
H. McKim : 

Almighty God, eternal source of light and truth, by whose wise 
providence all things in heaven and earth are governed, we give 
Thee thanks that Thou didst put into the heart of Thy servant whose 
dust we receive with reverence here to-day, to lay the foundation 
of this school of science, and we pray Thee that it may more and 
more be instrumental in the true interpretation of the laws of 
nature, and in unveiling to the mind of man the glory of God in 
the work of His hands, to the end that for all the generations to 
come, this Institution may be a beacon light of truth and of progress, 
to the glory of God and to the good of mankind. All this we beg 
through Him by whom all things were made, Jesus Christ, our 
Lord. Amen. 

The remains rest temporarily in a room which contains the few 
personal relics of Smithson, until their final disposal by the Regents 
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JAMES SMITHSON 

By Samuel Pieepont Langley 

THE founder of the Smithsonian Institution was known in 
his earlier years as James Lewis Macie, his mother, 
Elizabeth Keate Macie, being at the time of his birth, in 
1765, the widow of James Macie, a country gentleman of an old 
family resident at Weston, near Bath. She was of the Hunger- 
fords of Studley, a great-grandniece of Charles, Duke of Somerset, 
through whom she was lineally descended from Henry the Sev- 
enth, and was cousin of that Elizabeth Percy who married Hugh 
Smithson (who later became Duke of Northumberland, and by 
act of Parliament took the name of Percy). 

An unverified story represents Smithson's mother as at one 
time hoping to have contracted a marriage with the Duke of 
Northumberland, and seeking, for that purpose, a divorce from 
her husband, which he successfully opposed ; but, in any case, 
the subject of our sketch, who only apparently after his mother's 
death applied to the Crown for permission to take the name of 
Smithson, describes himself in his final will as "son to Hugh, 
first Duke of Northumberland, and Elizabeth, heiress of the Hun- 
gerfords of Studley, and niece of Charles, the proud Duke of 
Somerset." 

We need not, then, practise a reticence which Smithson himself 
did not desire to observe, especially since the facts are already 
public. There is, indeed, the further reason that it is especially 
to these facts that the foundation which bears his name is due, 
for Smithson always seems to have regarded the circumstances 
of his birth as doing him a peculiar injustice, and it was appar- 
ently this sense that he had been deprived of honors properly his 
which made him look for other sources of fame than those which 
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birth had denied him, and constituted the motive of the most 
important action of his life, the creation of the Smithsonian 
Institution. 

By the student of human nature every man's conduct is judged 
in reference to its determining motives, and if we try Smithson's 
from the point of view of his own time, not of ours, we shall not 
judge too hardly the fact that the circumstances of his birth and 
his feeling that he was by right a Northumberland and a Percy 
were a subject of pride to him as well as of pain. He once 
wrote : ^ 

" The best blood of England flows in my veins ; on my father's 
side I am a Northumberland, on my mother's I am related to 
kings,^ but this avails me not. My name shall live in the memory 
of man when the titles of the Northumberlands and the Percys are 
extinct and forgotten." 

It has been wondered that Smithson should have left his fortune 
for the purpose he did, but not by those who have considered the 
sentence placed here in italics, where we surely scarcely need to 
read between the lines to see the genesis of the institution which 
perpetuates the name he bore, in place of the titled one he was 
denied. 

It will be observed from facts given later that it was only under 
circumstances which showed that he had no right to the name of 
Macie (which seems to have been first imposed upon him under 
circumstances which left him free to change it) that he in later 
life had that of Smithson, to which he had every moral right, 
legally confirmed to him. After pointing out that the change 

'Rhees's "Smithson and his Bequest." "Smitlisonian Mipcellaneous Col- 
lections," volume xzi. 

^ Doctor Goode pointed out in his "Account of the Smithsonian Institution," 
written for the Atlanta Exposition, that "Smithson was of royal descent, 
through his matei-nal ancestor, the ill-fated Lady Jane Grey, great-grand- 
daughter of King Henry VII, giandniece of Henry VIII, and cousin of Eliza- 
beth. His ancestor in the ninth generation, Edward Seymour, the first Duke 
of Somerset and Protector of England, was the brother of Queen Jane Sey- 
mour and the uncle of King Edward VI." 
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was obtained under circumstances which do him no discredit, we 
are chiefly concerned with this sense of the injustice under which 
he labored from its after results; for if the kind of pride which dic- 
tated the first sentence I have above quoted be one which, from the 
point of view of the present day, attracts little sympathy, we can 
feel more with the worthier spirit which resulted from it, and in 
which he wrote the second. We are in no ways concerned with 
the ancestral honors or titles of the Percys, as such ; but if there 
be anything in heredity, we may supplement our limited knowl- 
edge of him by some consideration of that very remarkable man, 
the first Duke of Northumberland, whose child Smithson 'declared 
himself to be, and undoubtedly was ; for the father was remarka- 
ble, not in having been born great, but in having achieved great- 
ness — at least a greatness of that sort which his less fortunate son 
must always have envied him. 

Hugh Smithson, the father of the founder of the Smithsonian 
Institution, was the son of Langdale Smithson, who, according to 
another unverified tradition, occupied for a time the then rela- 
tively unconsidered position of a medical practitioner. The 
Smithsons, however, were an old family, which was, in fact, re- 
motely connected by lineage with the Percys. As country gentle- 
men they were reared in the habit of personally managing their 
estates; and, notwithstanding his culture and his refined and 
artistic tastes, the business aptitude of his race was strong in 
Smithson's father. 

The entertaining story of his courtship of the grand-daughter 
of " the proud Duke " of Somerset is told in the "Annals of the 
House of Percy," and it is not necessary to repeat it here further 
than to remark that in it, as in everything else, he showed the 
tact, persistence, and ability which raised him from the position 
of a private gentleman to one of the first dukedoms of England 
at a time when such a transition was regarded as transcending 
all possibility, and became the subject of wonder after it had 
happened. 
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As a landlord, Sir Hugh Smithson (as he afterwards became)^ 
had been conspicuous for good management. After his marriage 
to the heiress of the Percys he restored Alnwick Castle, and lived 
there so expensively that Horace Walpole wrote of the new 
groom and bride that they would soon have no estate left ; but 
the prophecy was falsified by the marked ability of the future 
Duke, who, though he continued to maintain what was even then 
considered magnificent state, showed such extraordinary admin- 
istrative capacity as enabled him not only to keep undiminished 
but to very greatly increase the important possessions which be- 
came his wife's after their marriage ; for at the date of Sir Hugh 
Smithson's marriage, in 1749, the rent rolls of Alnwick Castle 
amounted to £8,607, while in 1778 they had increased to £50,000, 
and all this while a liberal and even magnificent scale of expend- 
itures appears to have been adopted.® 

If he be a benefactor to mankind who makes two blades of 
grass grow where one grew before, then the new Lord of Northum- 
berland did indeed entitle himself to the gratitude of those within 
the influence of his kindly rule. 

" He found the country almost a desert," says the Bishop of 
Dromore, " and he clothed it with woods and improved it with 
agriculture."^ For more than twenty years he is said to have 
planted annually over twelve hundred trees ; he imported speci- 
mens of hitherto unknown timber, fruits, and flowers from vari- 
ous parts of the world, and expended large sums not only in the 
reclamation and drainage of lands, but in the improvement of the 
dwellings of his laborers, at a time when the physical comfort or 
moral well-being of the poor rarely occupied the thoughts of the 
lords of the soil. 

'He succeeded to the title of Baronet on the death of his grandfather, Sir 
Hugh Smithson, which took place in 1729. 

^ See "Annals of the House of Percy," by Edward Barrington de Fonblanque, 
London, 1887, Volume ii, page 531, and Appendix xxvi. 

' See "Annals of the House of Percy," by Edward Barrington de Fonblanque, 
London, 1887, Volume ii, page 531, and Appendix xxvi, citing CoUins's [Peer- 
age] 5th edition. 
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He showed a like ability in his dealings with the Crown, which 
procured him the unprecedented step from the baronetcy to the 
dukedom, and in every part of his life (with which we are not 
further concerned here) he showed himself an exceptionally able 
man.' 

American history and poetry remember his son, the half- 
brother of Smithson, who — 

" Fought for King George at Lexington, 
A Major of Dragoons," ^ 

and who, it might be added, saved to the King the remnant of 
his forces, which, without Percy's timely succor, would have been 
utterly destroyed. As an indication of family traits, it may be 
interesting to note the memorable action of the half-brother of 
Smithson, and his modest description of it. 

General Gage had placed him in command of the camp formed 
at Boston, whence he writes to his father on July 5, 1774 : 

"As I cannot say this is a business I very much admire, I hope 
it will not be my fate to be ordered up the country. Be that as 

' The Duke showed the independence of his character, as well aa the sound- 
ness of his judgment as a statesman, by opposing the party in power upon the 
question of war with the Colonies, obtaining leave of absence for his son, Lord 
Percy, who was ordered to America. Of this, however, Lord Percy refused to 
avail himself, contending that he could not at such a juncture withdraw. He 
accordingly embarked for Boston in the spring of 1774, and his journal and let- 
ters during the succeeding years throw light upon many of the incidents of the 
struggle. 

^ The fact that the heir of the house of Percy commanded the force of the 
British troops which saved the retreat from Concord made a strong impression 
upon the fathers of New England who fought on the memorable day, and is 
often mentioned. This association of the story of the defeat and pursuit of the 
British troops with the name of Percy, in the minds of the rustic victors, is 
alluded to by Lowell : 

"Old Joe is gone, who saw hot Percy goad 
His slow artillery up the Concord road. . . . 
Had Joe lived long enough, that scrambling fight 
Had squared more nearly with his sense of right, 
And vanquished Percy, to complete the tale. 
Had hammered stone for life in Concord jail." 
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it may, I am resolved cheerfully to do my duty as long as ever I 
continue in the service. If I do not acquire any degree of repu- 
tation in it, it will be my misfortune, but shall never be my fault." 

Throughout the ensuing winter he remained in the camp 
around Boston, whence on April 20 he writes to inform his father 
of that first bloodshed which was the prelude of the War of the 
Revolution : 

" I was ordered out yesterday morning to cover the retreat of 
the Grenadiers and Light Infantry who had been sent upon an 
expedition up the country.* I had with me my brigade and two 
pieces of cannon. We met them at a town ^ about fifteen miles 
off, sharply attacked and surrounded by the rebels, and having 
fired away all their ammunition, T had the happiness of saving 
them from inevitable destruction, and arriving with them at 
Charlestown, opposite Boston, at eight o'clock last night; not, 
however, without the loss of a great many, having been under an 
incessant fire for fifteen miles. The rebels, however, suffered 
much more than the King's troops. I have not myself received 
even the least scratch, and I beg that you will not either of you 
be uneasy on my account." ' 

Lord Percy was too good a soldier to fall into the error of de- 
spising his enemy. He had never shared in that contemptuous 
estimate which Englishmen, ignorant of the country and its 
population, had formed of the military capacity of the American 
colonists, and which had led the King, under the prompting of 
such advisers as Lord North and Lord George Germain, to de- 
clare that all resistance would collapse on the first menacing 
advance of half a dozen English regiments. 

" Whoever," he writes to his father, " looks upon them as 
merely an irregular mob will find himself much mistaken ; they 

' The memorable expedition to Concord, wiiich gave rise to the battle of 
Lexington. 
' Lexington. 
' "Annals of the House of Percy," Volume ii, page 552. 
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have men amongst them who know what they are about, having 
been employed as rangers against the Canadians and Indians 
. . . nor are their men devoid of the spirit of enthusiasm, as 
we experienced yesterday, for many of them concealed themselves 
in houses and advanced within ten yards to fire at me and the 
other officers, though they were morally certain of being put to 
death themselves in an instant." 

The father died in 1786, and was buried in Westminster Abbey, 
where he is described as " the most high puissant and most noble 
prince Hugh Percy, Duke and Earl of Northumberland, Earl 
Percy, Baron Warkworth and Lovaine, Lord Lieutenant and 
Gustos Rotulorum of the Counties of Middlesex and Northum- 
berland and of all America, one of the lords of His Majesty's 
most Honourable and Privy Council and Knight of the most 
noble Order of the Garter, etc., etc., etc."; but we are here con- 
cerned with these honors only as an evidence of the character of 
tlie man who did not inherit, but who conquered them by the 
force of his will. 

Let us, after noting the essential qualities of his race in the 
father and brother, return to the immediate subject of our mem- 
oir, the date of whose birth is fixed by the Pembroke College 
record as 1765. His mother, Elizabeth Hungerford Keate (Macie), 
is described in the will of Penelope Keate, grandmother of Smith- 
son, in a bequest dated July 13, 1764, as '•' my daughter, Elizabeth 
Macie, of Bath, widow," so that at this time her husband was 
already dead. This fact, only recently ascertained, is important 
in the estimate it leads us to put on one of the principal actions 
of Smithson's life, his taking of his father's name instead of that 
of Macie, by which he was previously known. 

Something of the facts of the young man's birth were generally 
surmised, and we shall see that he was apparently not allowed as 
a youth even to describe himself as Macie's son, a thing to be re- 



10 JAMES SMITHSON 

membered in connection with his subsequent action in taking the 
name of Smithson.' 

There has been found no record of the Macies at Weston in the 
years preceding his birth ; there is no reference to him in the ac- 
cessible archives of the Northumberland family, nor do we know 
more of the subsequent circumstances of his mother than that she 
inherited the property of the Hungerfords of Studley in 1766, on 
the death of her brother, Lumley Hungerford Keate, — a matter of 
interest as indicating the probable source of a considerable portion 
of the Smithson bequest. 

We have after this no knowledge of the founder of the Institu- 
tion until his name is entered in 1782 as James Lewis Macie, a 
Gentleman Commoner, at Pembroke College, Oxford, but entered 
in a way which, as the copy of the record indicates, omitted the 
prescribed form of stating the name of the father, which others 
were obliged to comply with. 

He was at this time but a lad, and as we are assured only very 
powerful influence could have procured permission for this de- 
parture from rule, we may presume that his action, whether 
acceptable or not to him, was dictated by an authority to which 
he had in any case to yield. 

In 1894 I ascertained through the kindness of Chester Waters, 
Esquire, that Reverend Frederick Brown had occupied himself 
during a large part of his life with the biographies of the Hunger- 
ford family, and learned from his surviving daughter that his 
manuscript was deposited in the British Museum. This manu- 
script (which is numbered 33,412), I, with Doctor Cyrus Adler, 
spent some time in examining, with the results here given. 
Among other facts I learned that Smithson was born in France, 

'In 1880, when Mr. Ehees's memoir was prepared, the date of Smithson's 
birth, obtained from an erroneous inscription on his tomb, was 1754, which 
would liave placed it eleven years earlier than the actual event, during the mar- 
ried life of Mr. and Mrs. Macie, and put a less favorable construction on young 
Macie's action in taking the name of Smithson from that it bears, under the 
circumstanceB which are now for the first time detailed. 
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and was brought to England for his education, and naturalized. 
I further was fortunately led to consult the Oxford records, which 
show that he in his early years entered as a Gentleman Com- 
moner at Pembroke College, where he matriculated in 1782, his 
age then being given in the registry, here appended,' as seventeen, 
so that this matriculation record shows him to have been born 
eleven years later than was supposed. This is material, for it 
will be seen from what has preceded that his memory is thus 
cleared of the imputation under which it at one time seemed to 
rest, of his having adopted the name of Smithson in circum- 
stances where a son should have remained silent. 

We have also an authentic contemporary portrait of him in 
the dress of an Oxford student, here reproduced [omitted in this 
reprint], which, it is interesting to observe, confirms the age thus 
given, by representing him as a mere youth. 

Nothing material is remembered of his life at the college, except 
a tradition that he was the best chemist and mineralogist of his 
year, though in his journal, when but a youth of nineteen, he 

^Coll: Exon: 25? Carolus Ofspring Blackall 17 Theophili delj-jj^j.. pjj. 

Dodbrooke Com : Danmon : J 
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gives a description of a geological tour in 1784 through Oban, 
Staffa, and the western islands, in company with De St. Fond, 
"the celebrated French philosopher," and the Italian Count 
Andrioni, in which he carried on observations on the methods of 
mining and manufacturing processes, made with all the minute- 
ness which the conditions of the journey permitted. The jour- 
nal indicates that the tour at that time was undertaken, if not 
at any considerable risk, yet not without a considerable amount 
of privation and self-denial, such as would not be met by the 
modern traveler, and shows that he was far more occupied with 
science than with the ordinary pleasures of so youthful a tourist. 
We learn also that the young student was noted for diligence, 
application, and good scholarship, attracting attention by his 
proficiency in chemistry, then a novel study, while his vacations 
were ordinarily passed in such excursions as that just referred to, 
and devoted to the collection of minerals and ores, which it was 
his favorite occupation to analyze. At Oxford, then, at a time 
when the study of physical science was almost unknown in the 
University, he appears to have already conceived that devotion 
to scientific research which characterized all his future life. 

Pie was graduated at Pembroke College, with the degree of 
Master of Arts, on May 26, 1786, as James Lewis Macie, and ad- 
mitted as a Fellow of the Royal Society on April 26, 1787, on the 
following recommendation : 

" James Lewis Macie, Esq., M. A., late of Pembroke College, 
Oxford, and now of John Street, Golden Square, — a gentleman 
well versed in various branches of Natural Philosophy, and par- 
ticularly in Chymistry and Mineralogy, being desirous of becom- 
ing a Fellow of the Royal Society, we whose names are hereunto 
subscribed, do, from our personal knowledge of his merit, judge 
him highly worthy of that honour and likely to become a very 
useful and valuable Member. Riohard Kirwan, 

C. F. Greville, 
C. Blagden, 
H, Cavendish, 
David Pitcairn." 
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Cavendish, whose name appears here, was the eminent physicist, 
and, as we learn elsewhere, was an intimate friend. 

Smithson's lodgings were for some time inBentinck Street, where 
Gibbon wrote much of his " Decline and Fall of the Roman Em- 
pire." Here he apparently prepared his first scientific paper, 
which was signed James Lewis Macie, and was read on July 7, 
1791, before the Royal Society. It is entitled "An Account of 
Some Chemical Experiments on Tabasheer."' We learn of him 
incidentally in 1792 as journeying from Geneva to Italy through 
the Tyrol, and find him in the same year in Paris writing from 
the Hdtel du Pare Royal, Rue de Colombier, a letter in which 
he expresses sentiments which represented what would have been 
then called advanced Jacobinism. "Qaira" he says, "is grow- 
ing the song of England, of Europe, as well as of France. Men 
of every rank are joining in the chorus. Stupidity and guilt 
have had a long reign, and it begins, indeed, to be time for justice 
and common-sense to have their turn . . . the office of king 
is not yet abolished, but they daily feel the inutility, or rather 
great inconvenience, of continuing it, and its duration will prob- 
ably not be long. May other nations, at the time of their reforms, 
be wise enough to cast off, at first, the contemptible incum- 
brance." Smithson here shares the opinion of a large and influ- 
ential portion of Englishmen of the time in which he wrote, but 
the excesses of the French Revolution, which immediately fol- 
lowed, caused a general revulsion of feeling, and it would not be 
fair to argue from this youthful expression as to his maturer 
judgment. 

The date of his application to the Crown for permission to take 
his father's name has not been ascertained, but in the will of his 
half-sister, Dorothy Percy, he is referred to as "Macie" in 1794 
(eight years after his father's death). The name of Smithson is 
first certainly known to have been used by him in connection 

'PhUosophical Transactions of the Royal Socieli/ of London, Volmne lxxxi, part 
n, page 368. 
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with his second communication to the Royal Society, "A Chem- 
ical Analysis of Some Calamines," by James Smithson, Esquire," 
read November 18, 1802. 

In this paper the author remarks that " Chemistry is yet so new 
a science ; what we know of it bears so small a proportion of what 
we are ignorant of; our knowledge in every department of it is so 
incomplete, consisting entirely of isolated points, thinly scattered, 
like lurid specks on a vast field of darkness, that no researches 
can be undertaken without producing some facts leading to con- 
seqviences which extend beyond the boundaries of their immedi- 
ate object." 

The Abbe Haiiy had advanced the opinion that calamines were 
all mere oxides or "calces" of zinc. Smithson's analysis com- 
pletely overthrew this opinion, and established these minerals in 
the rank of true carbonates, while his remarks on the action of 
the ores of zinc before the blowpipe evince much discernment; 
and the paper, on the whole, is altogether a creditable one.^ 

At this period he seems to have ceased his contributions to the 
Royal Society, and later we find his name more frequently in the 
"Annals of Philosophy," a journal of high character, where there 
is a communication from him dated Paris, May 22, 1819, on 
" Plombe gomme," and about the same time a paper on a native 

^FMlosopkical Transactions, Volume xciii, page 12. 

^Smithson's subsequent communications to the Philosophical Transactions are 
six in number : 

"An Account of a Discovery of Native Minium," submitted in a letter dated 
from Oassel, in Hesse, March 2, 1806. (Volume xcvi, part 1, page 267.) 

" On the Composition of the Compound Sulphuret from Huel Boys, and an 
Account of its Crystals," 1808. (Volume xcviii, page 55.) 

" On the Composition of Zeolite," 1811. (Volume ci, page 171.) 

"On a Substance from the Elm Tree, called Ulmin," 1813. (Volume cm, 
page 64.) 

"On a Saline Substance from Mount Vesuvius," 1813. (Volume cm, page 
256.) 

"A few Facts relative to the Coloring Matter of Some Vegetables," 1817. 
(Volume cviii, page 110.) 

A paper by him "On Quadruple and Binary Compounds, particularly Sul- 
phurets," was also published in the "Philosophical Magazine," 1807. (Vol- 
ume XXIX, page 275.) 
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sulphuret of lead and arsenic, with numerous other papers, among 
which is one in 1822, " On the Detection of Very Minute Quan- 
tities of Arsenic and Mercury," where he contributed a method 
which was generally used by chemists until quite modern tests 
superseded it. The papers ' in all number twenty-seven, of which 
eight here cited were published in the " Philosophical Transac- 
tions of the Royal Society," between the years 1791 and 1807, one 
in the "Philosophical Magazine" in 1807, and eighteen in 
" Thomson's Annals of Philosophy," between 1819 and 1825, and 
these all give the idea of an assiduous and faithful experimenter, 
an impression enlarged by the last one of the series, bearing date 
of June, 1824, which contains some observations on the formation 
of the Kirkdale Cave, forcibly combating (with what was then 
originality) the theories of the time, which referred the bones 
there found to " The Deluge." 

" The most notable feature of Smithson's writings from the 
standpoint of the modern analytical chemist," says Professor 
Clarke,'^ " is the success obtained with the most primitive and 
unsatisfactory appliances. In Smithson's day, chemical appa- 
ratus was undeveloped, and instruments were improvised from 
such materials as lay readiest to hand. With such instruments, 
and with crude reagents, Smithson obtained analytical results of 
the most creditable character, and enlarged our knowledge of 
many mineral species. In his time the native carbonate and 
silicate of zinc were confounded as one species under the name 
'calamine'; but his researches distinguish between the two 
minerals, which are now known as Smithsonite and calamine 
respectively. 

" To theory Smithson contributed little, if anj^thing ; but from 
a theoretical point of view the tone of his writings is singularly 
modern. His work was mostly done before Dalton had an- 
nounced the. atomic theory, and yet Smithson saw clearly that a 

^ These papers were collected and edited by William J. Rhees, and are con- 
tained in Volume xxi of the "Smithsonian Miscellaneous Collections," under 
the title of " The Scientific Writings of James Smithson" (1879). 

2 Communication from Professor Frank W. Clarke, Chief Chemist, United 
States Geological Survey. 
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law of definite proportions must exist, although he did not at- 
tempt to account for it. His ability as a reasoner is best shown 
in his paper upon the Kirkdale bone cave, which Penn had 
sought to interpret by reference to the Noachian deluge. A 
clearer and more complete demolition of Penn's views could 
hardly be written to-day. Smithson was gentle with his adver- 
sary, but none the less thorough for all his moderation. He is 
not to be classed among the leaders of scientific thought ; but 
his ability, and the usefulness of his contributions to knowledge, 
cannot be doubted." 

The President of the Royal Society, in a necrology for the 
year 1829, associated the name of Smithson with those of Wol- 
laston. Young, and Davy, saying that " he was distinguished by 
the intimate friendship of Mr. Cavendish, and rivaled our most 
expert chemists in elegant analyses " ; while at the annual meet- 
ing of the Royal Society held on November 30, 1830, the Presi- 
dent, Davies Gilbert, after referring to other members recently 
deceased, said : 

" The only remaining individual who has taken a direct and 
active part in our labours, by contributing to the ' Transactions,' 
is Mr. James Lewis Smithson, and of this gentleman I must be 
allowed to speak with affection. We were at Oxford together, of 
the same college, and our acquaintance continued to the time of 
his decease. 

" Mr. Smithson, then called Macie, and an undergraduate, had 
the reputation of excelling all other resident members of the 
University in the knowledge of chemistry. He was early hon- 
ored by an intimate acquaintance with Mr. Cavendish ; he was 
admitted to the Royal Society, and soon after presented a paper 
on the very curious concretion frequently found in the hollow of 
bambti canes, named Tabasheer. This he found to consist almost 
entirely of silex, existing in a manner similar to what Davy long 
afterwards discovered in the epidermis of reeds and grasses. 

" He was the friend of Dr. Wollaston, and at the same time 
his rival in the manipulation and analysis of small quantities. 

" For many years past Mr. Smithson has resided abroad, prin- 
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cipally, I believe, on account of his health ; but he carried with 
him the esteem and regard of various private friends, and of a 
still larger number of persons who appreciated and admired his 
acquirements." 

His writings exhibit clearness of perception, terseness of lan- 
guage, and accuracy of expression. He was an intimate friend 
of Cavendish, and later of Arago; he was a correspondent of 
Black, of Banks, of Thomson, and of most of the names then 
renowned to science, and he himself contributed in those early 
days honorably to the enlargement of those " lurid specks in the 
vast field of darkness," of which he spoke, towards the coming 
light. 

His industry was the more creditable to him in that he was at 
this time a man of large means, with every temptation to devote 
himself to amusement, and this industry will be seen to be still 
greater when it is remembered that these published papers are 
but a small portion of his writings ; for 200 manuscripts were for- 
warded to the United States with his effects, and, besides these, 
thousands of detached notes and memoranda. 

Unhappily, with the exception of one small volume, of all these 
nothing remains, the whole of the originals having been destroyed 
in the disastrous lire at the Institution in 1865, just one hundred 
years from the date of his birth. We know something of these 
manuscripts from the paper by Mr. .Johnson, who had access to 
them before the formation of the Institution, and from it we learn 
that they are connected not only with science, but with history, 
the arts, language, rural pursuits, gardening, the construction of 
buildings, and kindred topics, " such as are likely to occupy the 
thoughts and to constitute the reading of a gentleman of exten- 
sive acquirements and liberal views derived from a long and in- 
timate acquaintance with the world," while his cabinet, which 
was also destroyed by the fire, is described as consisting of a choice 
collection of minerals, comprising probably eight or ten thousand 



18 JAMES SMITHSON 

specimens, in exceedingly perfect condition, including examples 
of most or the meteorites which had fallen in Europe during sev- 
eral centuries, and forming what was at the time very much the 
richest and rarest collection in the United States. 

If, then, we ask whether Smithson had such a competent scien- 
tific knowledge as would enable him to use with deliberate choice 
tlie language of his will, we may answer with confidence that his 
was the knowledge of a professional student, and not of the ama- 
teur, that he was one who could well discriminate between what 
was best for the increase and what was best for the diffusion of 
knowledge, and that the capacity for terse expression already re- 
ferred to shows itself eminently in the concision and clearness 
with which he expresses this distinction, in that most brief and 
most important of clauses of his will presently to be cited. 

We have a likeness of him taken in the form of a bust, executed 
probably in the years when he was most active in these scientific 
labors. The precise date of the bust, a reproduction of which (on 
steel by Charles Burt, made in 1879) is here given, is unknown. 

Of Smithson's subsequent life we know but little. His later 
years appear to have been tried by bad health and painful in- 
firmities. During these years he seems to have resided chiefly in 
Paris, where he lived at Number 121 Rue Montmartre, and where 
he was in the habit of entertaining his friends. One gathers from 
his letters, from the uniform consideration with which he speaks 
of others, from kind traits which he showed, and from the general 
tenor of what is not here particularly cited, the impression of an 
innately gentle nature, but also of a man who is gradually' re- 
nouncing, not without bitterness, the youthful hope of fame, and, 
as health and hope diminish together, is finally living for the 
day rather than for any future. 

To this period belongs an interesting citation from Arago's 
eulogy on Ampere: 

" Some years since in Paris I made the acquaintance of a dis- 
tinguished foreigner, of great wealth, but in wretched health. 
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whose life, save a few hours given to repose, was regularly divided 
between the most interesting scientific researches and gaming. 
It was a source of great regret to me that this learned experi- 
mentalist should devote the half of so valuable a life to a course 
so little in harmony with an intellect whose wonderful powers 
called forth the admiration of the world around him. Unfortu- 
nately there occurred fluctuations of loss and gain, momentarily 
balancing each other, which led him to conclude that the advan- 
tages enjoyed by the bank were neither so assured nor consider- 
able as to preclude his winning largely through a run of luck. 
The analytical formulas of probabilities offering a radical means, 
the only one perhaps of dissipating this illusion, I proposed, the 
number of the games and the stakes being given, to determine 
in advance, in my study, the amount, not merely of the loss 
of a day, nor that of a week, but of each quarter. The calculation 
was found so regularly to agree with the corresponding diminu- 
tion of the bank-notes in the foreigner's pocketbook that a doubt 
could no longer be entertained." 

I owe to Doctor B. A. Gould the interesting statement that 
Arago was not merely an acquaintance, but an intimate friend 
of Smithson, and that Arago personally told him that " the distin- 
guished foreigner " in question was Smithson himself, and added 
that Smithson resolved, not to absolutely discontinue play (in 
which he found the only stimulus which could make him forget 
his physical suffering), but to do so with a care that the expend- 
iture for this purpose was a definite one, and within his means. 

"We see him next entering the confines of old age, approaching 
the task (with such enfeebled health, a solemn one) of making 
his last will, and looking back upon a life which his circumstances 
have made lonely, which has been uncheered by domestic affec- 
tion, and which, though filled with honorable activities, has not 
brought the fame to which he once aspired with the hope that it 
would bring some compensation for the accident of birth. 

The most important act of his life was the execution of this 
will, a copy of which follows : 
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THE "WILL OF JAMES SMITHSON. 

" I James Smithson Son to Hugh, first Duke of Northumberland, 
& Elizabeth, Heiress of the Hungerfords of Studley, & Niece 
to Charles the proud Duke of Somerset, now residing in Ben- 
tinck Street, Cavendish Square, do this twenty-third day of 
October, one thousand eight hundred and twenty-six, make 
this my last Will and Testament : 

" I bequeath the whole of my property of every nature & kind 
soever to my bankers, Messrs. Drummonds of Charing Cross, in 
trust, to be disposed of in the following manner, and I desire of 
my said Executors to put mj^ property under the management of 
the Court of Chancerj^ 

" To John Fitall, formerly my Servant, but now employed in the 
London Docks, and residing at No. 27, Jubilee Place, North Mile 
end, old town, in consideration of his attachment & fidelity to 
me, & the long & great care he has taken of my effects, & my 
having done but very little for him, I give and bequeath the 
Annuity or annual sum of One hundred pounds sterling for his 
life, to be paid to him quarterly, free of legacy duty & all other 
deductions, the first payment to be made to him at the expiration 
of three months after ray death. I have at divers times lent 
sums of money to Henry Honore Sailly, formerly my Servant, 
but now keeping the Hungerford Hotel, in the rue Caumartin at 
Paris, & for which sums of money I have undated bills or bonds 
signed by him. Now, I will & direct that if he desires it, these 
sums of money be let remain in his hands at an Interest of five 
per cent, for five years after the date of the present Will. 

" To Henry James Hungerford, my Nephew, heretofore called 
Henry James Dickinson, son to my late brother, Lieutenant- 
Colonel Henry Louis Dickinson, now residing with Mr. Auboin, 
at Bourg la Reine, near Paris, I give and bequeath for his life 
the whole of the income arising from my property of every nature 
& kind whatever, after the payment of the above Annuity, & after 
the death of John Fitall, that Annuity likewise, the payments to 
be made to him at the time of the interest or dividends becomes 
due on the Stocks or other property from which the income arises. 
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" Should the said Henry James Hungerford have a child or 
children, legitimate or illegitimate, I leave to such child or 
children, his or their heirs, executors, & assigns, after the death 
of his, or her, or their Father, the whole of my property of every 
kind absolutely & forever, to be divided between them, if there is 
more than one, in the manner their father shall judge proper, or, 
in case of his omitting to decide this, as the Lord Chancellor 
shall judge proper. 

" Should my said Nephew, Henry James Hungerford, marry, 
I empower him to make a jointure. 

" In the case of the death of my said Nephew without leaving 
a child or children, or the death of the child or children he may 
have had under the age of twenty-one years or intestate, I then 
bequeath the whole of my property, subject to the Annuity of 
One hundred pounds to John Fitall, & for the security & pay- 
ment of which I mean Stock to remain in this Country, to the 
United States of America, to found at Washington, under the 
name of the Smithsonian Institution, an Establishment for the in- 
crease & diffusion of knowledge among men. 

" I think it proper here to state, that all the money which will 
be standing in the French five per cents, at my death in the 
names of the father of my above mentioned Nephew, Henry 
James Hungerford, & all that in my names, is the property of my 
said Nephew, being what he inherited from his father, or what I 
have laid up for him from the savings upon his income. 

James Smithson. [l. s.j " 

We see that he begins by recalling the parentage which had 
denied him the name of his father and the position in the world 
he believed should have been his, and, in the void places of 
father, brother, or family, he seems to look for some object of 
affection, and to find only an old servant (whom he remembers 
with thoughtful liberality) and a nephew, to whom he bequeaths 
his property. He has provided for the continuance of the prop- 
erty to any possible heir to this nephew, and there seems to 
remain nothing more. 

But there must have remained, in the retrospect of such a life 
as his, a sense of failure of that purpose with which he entered 
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it, when he hoped, with youthful ambition, to create a greater 
name than that which birth had denied him, and when he wrote, 
" My name shall live in the memory of man when the titles of 
the Northumberlands and the Percys are extinct and forgotten," 
and there must have come up on such an occasion the question 
whether this was, indeed, the end of hope and the time only for 
renunciation. 

We see that he has not utterly renounced this hope even now ; 
but it is so faint that he writes between a clause which concerns 
a legacy to a servant and one which concerns an investment in 
the funds, and, as it were, almost casually, the words which have 
perpetuated his name. 

Probably no man ever made a more remunerative investment 
in the direction in which he would like best to see a return than 
was brought out by these words of Smithson, for we now all 
know that his bequest, when accepted by the United States Gov- 
ernment, formed the initial step in the creation of an institution 
whose position has been altogether exceptional, for it is likely to 
remain without successor, as without precedent, in perpetuating, 
as it does, the fame of a private individual, whose wishes have 
been adopted and carried into effect by a great nation, which 
has consented to take the position of a guardian to a ward in the 
care of his property, and which has subsequently made his pri- 
vate fortune the nucleus to which have been added appropria- 
tions for objects of national importance, yet appropriations which 
are still administered in association with his name. 

The will was proved in the Prerogative Court of Canterbury, 
the value of the effects being sworn to be under £120,000. The 
property disposed of by it is believed to have been received chiefly 
from Colonel Henry Louis Dickinson, a son of his mother by a 
former marriage, though he is known to have received a legacy 
of £3,000 from Dorothy Percy, his half-sister on his father's side ; 
but, unless through this, it is proper to state that there is no indi- 
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cation that any portion whatever of the Smithson bequest was de- 
rived from the Northumberland family. 

The motives which actuated Smithson in mentioning the 
United States as his residuary legatee, rather than any other 
government or institution, must remain in doubt, for he is not 
known to have had any correspondent in America, nor are there 
in any of his papers any reference to it or its distinguished men. 
In selecting the nation itself as the depository of his trust, he yet 
certainly testified his confidence in its institutions and his faith 
in their perpetuity, while it has not escaped attention that he uses 
language in the determining clause of his will remarkably similar 
to that already employed by Washington, who in his farewell 
address, says : " Promote, as an object of primary importance, in- 
stitutions for the general diffusion of knowledge." 

Smithson died June 27, 1829, at Genoa, Italy. He is buried in 
the little English cemetery on the heights of San Benigno, in a 
tomb which originally bore no reference to him as the founder of 
this Institution ; but the Institution has recently placed a tablet 
there remedying this omission, has surrounded the tomb with 
evidence of continued care, and has placed in still further remem- 
brance a similar tablet in the English church of the city. 

Smithson's wishes have been carried out by those immediately 
administering them with a constant scrupulous thought of the 
intent of the founder, while in doing this the best results have 
flowed from a rigid construction of his own words, so briefly ex- 
pressed, and from a division of the activities of the Institution 
into two great distinct but parallel paths, 'the "increase" and 
" diffusion " of knowledge. 

What has been done in these two paths the reader may partly 
gather from this volume — in the former, from the various articles 
by contemporary men of science, describing its activities in re- 
search and original contributions to the increase of human knowl- 
edge; in the latter, in numerous ways,— among others, from the 
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description of the work of one of its bureaux, that of the Interna- 
tional Exchanges, where it may be more immediately seen how 
universal is the scope of the action of the Institution, which, in 
accordance with its motto, PER ORBEM, is not limited to the 
country of its adoption, but belongs to the world, there being out- 
side of the United States, at the time I write, more than 12,000 
correspondents, scattered through every portion of the globe ; in- 
deed, there is hardly a language or a people where the results of 
Smithson's benefaction are not known and associated with his 
name. 

If we were permitted to think of him as conscious of what has 
been, is being, and is still to be done, in pursuance of his wish, 
we might believe that he would feel that his hope, at a time when 
life must have seemed so hopeless, was finding full fruition; for 
events are justifying what may have seemed at the time but a 
rhetorical expression, in the language of a former President of 
the United States, who has said, " Renowned as is the name of 
Percy in the historical annals of England, ... let the trust 
of James Smithson to the United States of America be faithfully 
executed, ... let the result accomplish its object, the in- 
crease and diffusion of knowledge among men, and a wreath 
more unfading shall entwine itself, in the lapse of future ages, 
around the name of Smithson than the united hands of history 
and poetry have braided around the name of Percy through the 
long ages past." 
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The principal sources of information for this chapter have been as follows : 

1. Gentlemen's Magazine for March, 1830, page 275. 

2. The documentary evidence which, though meager, may be found in the 
report of Richard Rush to the Department of State, in 1838. 

3. The manuscripts and diary of Smithaon, which are described as compris- 
ing about two hundred titles, besides numberless notes of an encyclopaedical 
character, " such as are liltely to occupy the thoughts of a gentleman of exten- 
sive acquirements and liberal views." These manuscripts were destroyed by 
the lire of 1865, but not until extended extracts had been made from them by 
Walter R. Johnson, a member of the National Institute of Washington, in 
whose possession the papers and books of Smithson remained until the forma- 
tion of the Institution. The paper by Johnson will be found in Volume xxi of 
the "Smithsonian Miscellaneous Collections,'' and these lost papers are the 
original sources of some statements made here which can no longer be verified 
by comparison with the originals. 

4. These sources are not only contained in, but are largely supplemented by, 
the excellent memoir on " James Smithson and his Bequest," by Mr. William 
J. Rhees, forming part of Volume xxi of the "Smithsonian Miscellaneous Col- 
lections," without wliich the biography of Smithson can hardly be written, and 
from which the writer has here frequently quoted textually, without other 
acknowledgment than this general and explicit one. 

5. Another source of information is the researches made by the writer with 
the aid of Doctor Cyrus Adler, Librarian of the Smithsonian Institution, in 
England, in 1894. 
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OBSERVATORIES are principally of two kinds : 
first, those which pursue chiefly the old astron- 
omy, like that at Greenwich, and which are for 
the most part engaged in determining the places of the 
sun, moon, and stars, and, secondly, the astrophysical 
observatories, of which there are fewer and which are 
not much older than the present generation. These 
latter are engaged in studying the heavenly bodies, 
not so much to know where they are, as what they 
are ; to see, for instance, not where the sun is in the 
sky, but what it is made of, and what influence it has 
on our own terrestrial affairs. To this second class 
belongs the Smithsonian Observatory, some of whose 
work is exhibited here. 

The Observatory Exhibit shown in the acompany- 
ing plan is divided into two portions, one of which 
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is lighted, the other forming a "dark-room" for 
better showing the spectrum. Outside in the sun- 
shine is an instrument which is called the coelostat, 
and which by means of mirrors throws a constant 
Beam of sun-light (when there is any) into the dark- 
room. In this room it causes an image of the sun 
itself to be thrown upon a screen, and at the same 
time causes the solar spectrum to be thrown upon 
another screen on another wall. 

The room should, if possible, be visited while the 
sun is shining brightly, for it is only then that its most 
attractive features can be seen. 

The Sun's Disk. 

Before the visitor, in the dark-room, will be seen, 
when the sun is shining, a bright circle of light, which 
is the sun's own picture cast by itself through a lens 
upon the screen. 

This is not the place for facts to be better found in 
an Astronomy, but it may be well to remind the 
reader of what the actual enormity of the globe which 
he sees before him is, for it is so much larger than 
that of the moon, for instance, that if it were hollowed 
but and our own earth placed in the center, the moon 
might go on revolving in an orbit round the earth 
as great as its present one in the sky, all within the 
sun itself, without approaching to the outside. When 
■We remember that everything that has life on the 
earth derives it from the sun, we understand better of 
how much practical use its study is to us, and why 
governments maintain observatories like this Astro- 
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physical Observatory in Washington, which are chiefly 
engaged in its study. 

On looking at the solar image attentively several 
interesting things may be seen, if the day be clear. 
One of these is the fact that the image is not quite 
equally bright all over, but is slightly darker toward the 
edges. This is because the sun has a gaseous envel- 
ope which at the edges acts like our own atmosphere, 
at sunset or sunrise, when it intercepts more light than 
at noon. This envelope is of the greatest conse- 
quence to us, and tempers to us the heat of the sun, 
which without it might make the earth unfit for habita- 
tion. There is some reason to suppose that this envel- 
ope varies in transparency, and that the radiation of the 
sun's heat through it, and the consequent temperature 
of the earth varies correspondingly, but this, though 
possible, is not certain. 

At all times on the sun there may be seen on atten- 
tive examination, little irregularities all over the sur- 
face of the disk, caused by bright spots called faculse, 
best seen near the edges, something in the sun brighter 
than the sun itself, and which are connected with the 
glow of metals existing there in a gaseous state. 

Sometimes there may be seen spots, darker than 
the rest of the surface, and which slowly cross the 
disk, owing to the sun's rotation, taking about thirteen 
days to go over, while at the same time they move 
among themselves like clouds. They are supposed 
by many to be holes or depressions in the solar 
surface. Some of these are of enormous size ; so 
large that the whole earth might be dropped into 
the center of one of them, like a pea into a thimble, 



OF THE SMITHSONIAN INSTITUTION 5 

the temperature that exists being so great that the 
earth would soon vanish in vapor if it were there. 
These spots are filled with curious and even beautiful 
details. Some drawings of them by the writer may be 
seen among the transparencies on the wall. 

The Solar Spectrum. 

The bright rainbow-like colors made by the sun 
shining through a glass prism had been observed 
before Sir Isaac Newton's time, but he was the first 
to give an instructive account of them. This train 
of bright colors, beginning in the violet and ending in 
the deep red, is called the Solar Spectrum. It was 
found by Sir William Herschel to be continued by 
something which produces not color, but heat, for if a 
very delicate thermometer be moved along the spec- 
trum formed by a prism, its temperature will be raised 
a little in the green, more in the yellow, and still more 
in the red, but be affected most of all when out of the 
visible spectrum altogether, quite below the red, where 
the eye sees nothing. 

In the year 18 14, a German named Fraunhofer, by 
using very perfect optical means, found that the visible 
spectrum of the sun and even of the stars, was every- 
where crossed by black lines, definite as if made with 
ink by a drawing pen. These were incomprehensible 
until later, when it was shown that they were due to 
light from glowing metals in the sun and the stars, 
each metal having its own particular line or lines. 
This was the foundation of spectroscopy, which has 
revealed to us the constitution of these almost infi- 
nitely distant worlds. 
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The spectrum was produced by the prism only, until 
the time of Fraunhofer, who showed that it could also 
be formed by lines scratched on a glass or even on a 
metal surface ; and in some respects the most perfect 
spectra are formed now in the latter way by instru- 
ments which are better made in this country than any- 
where else. One of these is exhibited here, and it will 
actually form the visible and invisible spectrum when 
the sun is shining upon it. It is a great polished sur- 
face of what is called speculum metal, that is, a com- 
position of copper and tin. On it are ruled with a 
diamond, parallel lines so fine that they are separately 
invisible to the eye, there being fourteen thousand 
of them in every inch. Here we see, if the sun favors 
us, its light broken up into those beautiful colors which 
exist in the pure light itself, every color in nature being 
derived from them. When the light is good we may 
follow the spectrum through this whole splendid dis- 
play of color from the scarcely visible violet, succes- 
sively through blue, green, yellow, orange, and red, to 
where it appears to end. We shall on looking closely 
at the spectrum actually before us, see a few of the 
lines referred to, which are called, from their discoverer, 
the Fraunhofer lines. Two of these are in the orange 
and are made by sodium in the sun. One of them, in 
the crimson red, is made by hydrogen. This metal 
grating, as it is called, is capable of showing thou- 
sands of them, but for that purpose the adjustment 
of the the apparatus would not be suitable to a public 
exhibition. 

Now if the spectator can imagine a delicate ther- 
mometer passed along this spectrum from the blue to 
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the red, he would see it rise higher and higher, and it 
would still show heat when it got beyond the red alto- 
gether. The spectrum, then, does not end with what 
Sir Isaac Newton saw, but there is something invisible 
beyond, and really there, although the eye cannot see it. 
If the thermometer be very delicate indeed, it will be 
found that in this invisible portion the heat rises, and 
then after falling, rises again, so that there are irregu- 
lar fluctuations in it, but the best thermometer is riot 
delicate enough to show them all. 

The Bolometer. 

Some twenty-five years ago the writer, in trying to 
get a kind of heat measuring instrument adapted to 
these particular explorations, made one which he 
called the bolometer. A specimen of the bolometer 
is shown within the case on the right as the visitor' 
leaves the darkened chamber. 

The bolometer is an electrical instrument and its use 
is founded on the fact that when a current of electricity 
is flowing through a wire this flow is checked if the 
wire is heated, and diminished nearly in proportion to 
the heat which falls upon it. It is used in connection 
with the galvanometer, seen here near it, and which 
itself includes means of pointing out the amount and 
direction of the electrical current. This was formerly 
done by causing it to move a needle like that in the 
compass, but the needle is heavy and unsuited to indi- 
cate the almost infinitely delicate changes that come 
here into play. It is better to make a pointer out of 
something that weighs nothing at all, and this can 
best be done by taking a beam of light reflected from 
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a mirror which casts it upon the screen where, as the 
mirror turns, the beam of Hght, which may be com- 
pared to a perfectly straight and weightless needle, 
points to some division of the scale. The mirror 
itself is not larger than the head of a pin. It is con- 
nected with some magnets hardly bigger than a 
needle's point, which are affected by the passage of an 
electric current near them, and cause the mirror to 
move and to deflect a beam of light npon the scale. 

The way that this is done may be understood from 
an illustration. Let A and B be pipes through which 
two parallel equal currents of water are flowing, and 
let C be a wheel, like a horizontal mill-wheel, against 
which the two currents play ; if these 
currents are just equal and exert 
their force on opposite sides, they 
do not move it, but if the current in 
one of the pipes, B for instance, be 
diminished, that in A will get the 
upper hand and turn the wheel ; in 
this case in the direction of the 
hands of a watch. Now if we sub- 
stitute for water the electric current 
and for pipes the wires (one of which 
wires may be heated and so diminish 
the flow of electricity through it), and for the mill- 
wheel we substitute a little mirror with its magnets, 
we see how the instrument may work. 

In the very interior of the cylinder before the reader, 
and quite invisible, are two wires, or rather tapes, 
made out of extremely thin strips of platinum, two 
tiny ribbons in fact, in width like that of a human hair, 
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but far thinner than wide. Only one of them receives 
the heat or cold, which may be ever so small in quan- 
tity, like that derived from the cold of one of the lines 
in the spectrum. Small as it may be, even less than 
a millionth of a degree, this instrument will indicate it. 
Its sensitiveness cannot be well shown to the public, 
but in order to give some notion of it, the visitor, look- 
ing through the plate glass, in which there is a small 
aperture, toward which the bolometer is directed, will 
see the spot of light upon the screen move when his 
hand is placed before the aperture, by the feeble heat 
which is sent from it to the bolometer. In this case 
the hand is warmer than the bolometer and the little 
spot of light moves accordingly ; if it had been colder, 
it would move in the other direction. 

The bolometer is, then, sensitive to heat as the eye 
is sensitive to light ; what is light to the eye is warmth 
to it, and what is darkness to the eye is cold to it ; so 
that when it is moved along the spectrum and comes 
to a black line, the instrument feels something cold, 
its index swings to the side of cold, and if this motion 
is registered, we have evidence that a line is there, 
though we cannot see it. This is not of so much use 
to us in the visible spectrum, where the eye can very 
well afford to do without it, but as soon as we get into 
the invisible portion beyond the red, it is invaluable, 
for the bolometer here becomes an eye that sees in 
the dark, and this part of the spectrum is found to be 
filled with lines, though invisible, the bolometer hunt- 
ing them out by their temperature, and in this way it 
is found that we see only a small part of the spectrum 
as it actually exists. 
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Researches with the bolometer have been conducted 
for many years at the Smithsonian Observatory in this 
heat spectrum, which contains the greater part of the 
energy that the sun sends to the earth — more than all 
there is visible — and they have extended our knowl- 
edge of the spectrum to eight times the length that 
was known to Sir Isaac Newton. 

Chart. 

If the visitor will turn to the chart which is hung 
upon the wall, he will see a map upon an extended 
scale, nearly 24 feet long, of the discoveries made in 
the lower heat spectrum chiefly by the bolometer. 

In order to understand the way in which it works, 
we may take as an illustration the charts which are 
sometimes given in financial columns of the news- 
papers, of the variations of the stock market, where a 
curve is drawn representing the stock, the curve going 
up high when the stock is high, and down when the 
stock is low. (It is just to say that the stock market 
has borrowed this from the astronomers and not the 
astronomers from the stock market.) But in any case 
the curves shown here indicate the amount of heat 
which the bolometer recognizes, going up when that 
increases, and down when it diminishes, and inasmuch 
as it is constantly increasing or diminishing with the 
presence of the lines we have spoken of, this curve is 
extremely irregular, as is seen, each irregularity cor- 
responding to the existence of one of the lines which 
are indicated below. The colored portion below this 
curve indicates the part which we can see, and which 
the visitor has already seen, if the sun is shining. 
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Part of these lines are caused by the metals in the 
sun, part of them are caused by the atmosphere of the 
earth, and to the latter is especially due the great de- 
pressions or valleys seen in the curve, all of which 
mean something of interest to us, for they are partly 
due to the moisture and other ingredients of our own 
atmosphere, and as they increase and differ from one 
day (and from one year) to another, they indicate 
changes in the conditions of our weather which it is 
not unreasonable to hope may enable us, when the 
studies are completed, to get a notion of coming 
changes, somewhat in the same way but more exten- 
sively than we now get a notion of from the Weather 
Bureau. 

On entering the room the reader will notice a large 
group of transparencies representing the Observatory 
which is a very modest building without a dome for 
a great telescope, or many of the appurtenances of 
the ordinary observatory. Some of its principal in- 
struments are also shown, including the great sidero- 
stat, the spectro-bolometer and a group of large 
cameras used in Sumatra to photograph the solar 
eclipse of 1901. 

The siderostat, by Sir Howard Grubb of Dublin, 
Ireland, is an instrument invented by Foucault to fur- 
nish a horizontal fixed beam of light from any celestial 
object, but differs from the great newcoelostat exhibited 
outside the Exposition building, in having but one 
mirror instead of two. This optical simplicity is 
counterbalanced by mechanical complexity so trouble- 
some that it is not possible to obtain as great ac- 
curacy of guiding the beam with the siderostat as 
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with the coelostat. A further disadvantage of the 
siderostat is that only one point in the field of view 
is fixed, and the others rotate about it with variable 
velocity, so that in a telescope pointed at the sidero- 
stat mirror at night, one star alone would appear fixed 
in position, but the others would describe circles 
about it. The coelostat on the contrary reflects a 
field of view in which all parts are fixed. 

In the center of the group of transparencies is a large 
view of the solar corona as photographed at Wades- 
boro. North Carolina, in May, 1900. It should be re- 
membered that this photograph is not enlarged but is 
the exact size of the original negative taken with a lens 
of 1 35 feet focus. The corona is one of the most inter- 
esting features of the sun, but is only seen during the 
somewhat rare moments of eclipses, when the moon in 
her orbit comes directly between the sun and earth and 
hides the glare of the disk of the sun itself. It is not 
known just what the corona is, but some think there 
are many particles of dust around the sun, which being 
intensely heated owing to their nearness to it, emit light 
of their own, while also reflecting some. Other ob- 
servers, struck by the similarity of the polar coronal 
streamers to the Aurora Borealis seen at night in 
northern parts of the world, attribute the corona, like the 
northern lights, to electrical discharges in rare gases. 

Other transparencies show the outer corona and 
also the great solar prominences, which are flames of 
metallic vapors occasionally shooting out from the sun 
to enormous heights. Some of those photographed 
during the solar eclipse of 1900 were fully 50,000 
miles high, but prominences may be observed at any 
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time by the aid of a special device called the spectre- 
heliograph, and have been seen projected as high as 
300,000 miles from the disk of the sun. The solar 
corona is a still more extensive solar appendage than 
the prominences and was photographed in 1900 to 
distances of nearly 3,000,000 miles from the sun. 

On the right of the great photograph of the corona 
are transparencies showing results of bolometric and 
other observations, less striking as pictures, but no less 
interesting in what they represent. First we have a 
pair of holographs on a much less extended scale than 
the great wall map already described, but covering 
the visible spectrum as well as the upper part of that 
beyond the red. The visible portion is disproportion- 
ately extended by the extreme dispersion of the prism 
in this region. The principal well-known dark lines, 
such as H and K due to calcium, D of sodium, C of 
hydrogen, and A of oxygen are here shown as depres- 
sions caused by coolness of these regions relatively 
to the rest of the spectrum. 

Further on in the infra-red are seen the great de- 
pressions caused by the absorption of water vapor. 
One of these bands is illustrated in another transpar- 
ency on a much larger scale, showing that far from 
being a single great band it is really composed of 
many small lines. To illustrate the extreme changes 
in these bands of absorption caused by the variations 
in the amount of water vapor in our atmosphere, a 
pair of holographs taken on two equally clear days, 
one moist, the other dry, are contrasted. It has been 
found that variations of the amount of moisture con- 
tained in our air often cause changes of 10 per cent 
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in the heat of the direct beam of the sun, although no 
apparent clouds are visible. If our eyes could see 
only by the kind of rays in these water vapor absorp- 
tion bands, we should find many of what we now call 
our brightest summer days to be darker than moonlit 
nights. It is a curious fact that though these infra-red 
regions contain even more extent, as reckoned by 
wave-lengths, than does the familiar visible spectrum, 
and might, it would seem, have answered the purposes 
of vision, yet our eyes are adapted to perceive most 
readily precisely those regions, namely, the yellow 
and orange, in which the most considerable amounts 
of the sun's light remain after it has suffered the ab- 
sorption of the atmosphere, and reached the surface 
of the earth. 

A series of nearly symmetrical bolometric curves 
are shown in another transparency, from which it may 
be inferred how powerfully the sun's own envelope 
absorbs the solar rays. The heights of the curves 
represent the intensity of the light from different parts 
of the sun's image as we pass from one edge to 
another along the sun's diameter and thus observe 
the light through different thicknesses of the solar 
envelope. If the sun were as bright at the edge as in 
the centre, all the curves would become straight lines ; 
but the edge is in reality so much duller than the 
centre that in some parts of the spectrum the curves 
fall off as much as 50 per cent quite close to the edge 
of the sun. The last curve shows how marked an 
effect of absorption is observed in crossing over a 
sun spot. 

Sunspots are found to be much darker compared to 
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the sun's surface around them if viewed by violet 
light than if observed by some infra-red ray. Trans- 
parencies prepared from the drawings of sunspots by 
the writer, already referred to, are shown. 

One small transparency alone remains to be noticed. 
This exhibits a series of photographs of artificial stars 
by means of a telescope of forty feet focus. It is well 
known to telescopic observers that the images of stars 
are continually in a greater or less degree of fluttering 
and distortion caused by the inequalities which exist 
in the atmosphere, and which may be seen in an ex- 
aggerated way by viewing objects over a hot stove. 
Many years ago the writer saw the late Professor 
Draper employ a liquid prism in which he stirred the 
liquid to do away with similar inequalities of density 
which interfered with the best seeing. It occurred to 
the writer to try the same device with the air in tele- 
scopes, and the photographs show how much the defi- 
nition was improved by this proceeding. Thus we 
reach the paradoxical result that still air may be 
attended with most unquiet seeing, while vigorously 
churned air yields sharp and steady images. If then 
it were possible to extend a tube like a great dew- 
cap from -the telescope to the outer regions of our 
atmosphere, and to vigorously churn the air in this 
tube and within the telescope, good seeing would 
always be secured in clear -weather. Fortunately 
the chief disturbances in the air are usually near the 
surface of the earth, so that even so short a tube as 
50 feet is of much advantage. For a great horizontal 
telescope, like that of the Astrophysical Observatory 
which has a focal length of 140 feet, the churning of 
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the air within the tube is often indispensable to good 
definition on the solar image. 

The drawing at the left of the entrance shows how 
the tube of the horizontal telescope is constructed 
and how the devices for churning the air within the 
tube are applied. A powerful fan blower withdraws 
air from many points along the tube, and at the same 
time forces in air at intermediate points. Thus a 
vigorous circulation is constantly kept up during the 
observations. 

Other charts upon the wall illustrate the manner of 
determining exactly how much heat the sun sends the 
earth, and what portion of it is absorbed within the 
atmosphere and does not reach the earth's surface in 
the direct beam. There are two distinct things in- 
volved in the determinations and both present much 
difficulty. First by means of an instrument called the 
actinometer, or better the pyrheliometer (literally 
"solar heat measurer") it is found at what rate the 
heat is received at the earth's surface. This is usually 
expressed in terms of the rise of temperature in de- 
grees Centigrade which would be caused in a gram of 
water by absorbing in the water all the sun's heat 
which falls perpendicularly on a square centimeter of 
area in a minute of time. At stations near sea level 
the rise of temperature is about i° Centigrade or i°.8 
Fahrenheit, but as the observer ascends a high mount- 
ain the observed amount grows larger and larger, 
because there is less and less air interposed between 
him and the sun to cut off the rays by absorption. 
But all the solar rays, whether absorbed at the earth's 
surface or in the air above it, are of importance to 
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climate and more or less directly to vegetation ; hence 
it becomes a second and most valuable object of inves- 
tigation to determine how much is lost in the air. This 
amount is found to vary greatly at different times, not 
only from clouds and from invisible moisture in the 
air, but from dust and smoke. Generally, however, 
in passing to sea-level the sun's beam loses nearly or 
quite half its heat in the air. 

If we could ascend to the outer limit of the air the 
exact amount of atmospheric absorption would at once 
be determined. But this is impossible, and even ob- 
servations on high mountains are difficult, conse- 
quently we must attempt to determine the amount 
lost in the air by trying the effect of different thick- 
nesses of it. Such measures can be made on the rays 
of the sun at different hours of the day, for as it 
approaches the horizon the sun shines through thicker 
and thicker layers of air. But though a formula has 
been found which ought in theory to represent the 
results of such observation, yet even in theory it is 
applicable only to a light of a single color, not to 
the whole spectrum indiscriminately. Accordingly we 
must make our measures on the intensity of all parts 
of the solar spectrum at different hours of the day. 
This we do by means of the bolometer. 

The first chart represents the distribution of heat in 
the prismatic spectrum as measured by the bolometer 
at two different times of the afternoon of April 17, 
1903. Other spectrum energy curves were taken on 
that and many other days representing the spectrum 
under various conditions, and from these curves the 
rate of decline of heat in the different rays could be 
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Studied as the sun sunk lower and lower in the west. 
Upon the second chart is shown how well the observa- 
tions of atmospheric transparency made on two differ- 
ent days and at four different points in the spectrum 
accord with the theory. Exact accord would be shown 
if the observed points lay precisely upon the straight 
lines drawn in the figure. 

The next chart gives the results of many days ob- 
servations of the transmission of the atmosphere. 
Heights on this chart represent the fraction of the 
solar ray which could pass through the atmosphere if 
the sun were directly overhead, and horizontal distan- 
ces represent the wave lengths of the light. It appears 
from this chart that the air was much more transparent 
in the years I901 and 1902 than it was during the 
first eight months of 1903, but that more recently it 
has become more clear and has almost reached the 
transparency it had in 1902. Perhaps so marked a 
change as this may have influenced temperature and 
the growth of crops in 1903 very materially, although 
this subject is not yet thoroughly investigated. 

Another chart shows the distribution of solar radi- 
ation on the wave length scale outside the atmosphere. 
From the position of the highest point of the curve at 
a wave length of 0.49,^ it is inferred that the tempera- 
ture of the sun itself is nearly 6000° Centigrade or 
over 10000° Fahrenheit. The hottest things on the 
earth, such as the electric arc light, do not probably 
exceed 3500° Centigrade. Inasmuch as bodies radiate 
nearly as the fourth power of their temperatures above 
absolute zero ( — 273°C.), it follows that an electric 
arc light of equal area to the sun would only send 
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out about one-sixth as much heat as the sun does. 

By the aid of holographic studies of the transmis- 
sion of the air, numerous determinations of the inten- 
sity of the sun's heat outside the atmosphere have 
been completed for the year 1903. These results are 
shown in the next chart and are connected by a red 
line drawn from one observation to the next. Below 
them is shown in black the mean departures in tem- 
perature during 1903 from the normal temperature 
representing the mean of many years of observation 
at 89 stations distributed over all the land areas of 
the north temperate zone, including the United States 
and Canada, Insular and Continental Europe, North 
Africa, and Siberia. It may be said of the two charts 
that they both exhibit a remarkable falling off about 
April I, 1903, and that the fall of temperature would 
be a natural result of the observed fall in solar radi- 
ation. But the subject is one of much difficulty, and 
the period of observation still far too short to warrant 
more than the conclusioh that further study may prove 
of the highest importance in foretelling the changes of 
climate on which the conditions of coming harvests 
depend. 

The immense importance to us of such foreknowl- 
edge as will enable us to forecast the harvests and in 
other ways look into the future need hardly be insisted 
on if we can get it, and we apparently can get it only 
from such studies as these, which is a justification of 
the existence of our astrophysical observatory. 



05 

S 
H 




